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/RQGRQ
, DFNQRZOHGJH P\ ILQDQFLDO VXSSRUW WKURXJK UHVHDUFK JUDQWV IURP WKH :HVWHUQ
1RUZD\5HJLRQDO+HDOWK$XWKRULW\.DLDDQG$UQH1 YGDO¶V)RXQGDWLRQ'U7U\JYH
*\WKIHOGWDQG:LIH¶V5HVHDUFK)RXQGDWLRQ7KH5HVHDUFK&RXQFLORI1RUZD\DQGWKH
'HSDUWPHQWRI6XUJLFDO6FLHQFHVDWWKH8QLYHUVLW\RI%HUJHQ
,ZRXOGOLNHWRWKDQNP\IDPLO\DQGFORVHIULHQGVIRUVXSSRUWLQJDQGHQFRXUDJLQJPH
WKURXJKRXWWKHZRUNRQWKLVWKHVLV,DPHVSHFLDOO\JUDWHIXOWRP\GHDUSDUHQWV2ODXJ
DQG /DVVH (QJHV WHU DQG WR P\ VLVWHUV %LUJLW DQG 6LJULG IRU DOO WKHLU ORYH DQG
VXSSRUWWKURXJKRXWOLIH
)LQDOO\ ,ZDQW WRH[SUHVVP\JUHDWHVWJUDWLWXGHWRP\GHDUKXVEDQGDQGEHVWIULHQG
UMDQ6¡UQHVDQGRXUEHORYHGGDXJKWHU2GDIRUWKHLUFRQWLQXRXVORYHDQGSDWLHQFH,
DP WKDQNIXO IRU DOO KHOS PRWLYDWLRQ DQG ODXJKWHU \RX KDYH VXSSRUWHG PH ZLWK
WKURXJKRXWWKHZRUN
 
2. ABSTRACT
$FFRUGLQJWRGDWDKHOGE\WKH0HGLFDO%LUWK5HJLVWU\RI1RUZD\DSSUR[LPDWHO\
RI DOO QHZERUQV LQ 1RUZD\ DUH GLDJQRVHG DQQXDOO\ ZLWK KLS LQVWDELOLW\ DW ELUWK
$EGXFWLRQ WUHDWPHQW )UHMND SLOORZ IRU  ZHHNV LV WKH VWDQGDUG WUHDWPHQW LQ
1RUZD\ ZLWK ZKLFK WKH PDMRULW\ ZLOO GHYHORS QRUPDO KLSV $GGLWLRQDOO\ WR WKRVH
GHWHFWHGE\WKHQHRQDWDOVFUHHQLQJSURJUDPVRPHDUHODWHGLDJQRVHGFDVHVGLDJQRVLV
! PRQWK RI DJH )RU WKLV JURXS WKH WUHDWPHQW LV XVXDOO\ PRUH GHPDQGLQJ DQG
SURORQJHG7KHROGHUWKHFKLOGLVDWVWDUWRIWUHDWPHQWWKHSRRUHULVWKHSURJQRVLV$
G\VSODVWLFKLSFDXVHVDOWHUHGPHFKDQLFDOFRQGLWLRQVSUHGLVSRVLQJIRULQFUHDVHGZHDU
RIWKHFDUWLODJHDQGGHYHORSPHQWRIRVWHRDUWKULWLVRIWKHKLSLQ\RXQJDGXOWDJH7KH
ILQDOWUHDWPHQWRSWLRQIRUWKLVFRQGLWLRQFRXOGEHDWRWDOKLSUHSODFHPHQW
,Q 3DSHU , ZH OLQNHG WZR QDWLRQDO UHJLVWULHV WKH1RUZHJLDQ$UWKURSODVW\ 5HJLVWHU
DQG WKH0HGLFDO%LUWK5HJLVWU\ RI1RUZD\ XVLQJ WKHXQLTXHQDWLRQDO LGHQWLILFDWLRQ
QXPEHU 7KH%LUWK5HJLVWU\ FRQWDLQV LQIRUPDWLRQ RQ DOO QHZERUQV LQ1RUZD\ IURP
 DQG WKH $UWKURSODVW\ 5HJLVWHU LQFOXGHV DOO WRWDO KLS UHSODFHPHQWV LQVHUWHG LQ
1RUZD\ IURP  7KH VWXG\ IRXQG D  WLPHV LQFUHDVHG ULVN IRU D WRWDO KLS
UHSODFHPHQW LQ \RXQJ DGXOWKRRG IRU SDWLHQWV UHSRUWHG ZLWK KLS LQVWDELOLW\ LQ WKH
QHZERUQ SHULRG 7KH DEVROXWH ULVNZDV KRZHYHU ORZ DW RQO\  LQ  IRU SDWLHQWV
ZLWK KLS LQVWDELOLW\ FRPSDUHG WR  LQ  IRU WKRVHZLWK VWDEOH KLSV 2QO\  RI
WKRVHZKRXQGHUZHQW D WRWDO KLS UHSODFHPHQWGXH WRKLSG\VSODVLDZHUH UHSRUWHG WR
KDYHKDGLQVWDEOHKLSVDWELUWK
,Q 3DSHU ,, ZH YDOLGDWHG WKH G\VSODVLD GLDJQRVLV UHSRUWHG WR WKH 1RUZHJLDQ
$UWKURSODVW\ 5HJLVWHU IRU VXEMHFWV ERUQ DIWHU 0HGLFDO UHFRUGVZHUH UHYLHZHG
DQGZHDOVRLQYHVWLJDWHGDJHDWG\VSODVLDGLDJQRVLVSUHYLRXVWUHDWPHQWDQGTXDOLW\RI
OLIH:H IRXQG WKH G\VSODVLD GLDJQRVLV UHSRUWHG WR WKH $UWKURSODVW\ 5HJLVWHU WR EH
FRUUHFWLQRIWKHKLSV0HGLDQDJHDWWLPHRIGLDJQRVLVZDVDVKLJKDV\HDUV
 \HDUV IRU IHPDOHV DQG  \HDUV IRU PDOHV  RI WKH SDWLHQWV KDG XQGHUJRQH
GLIIHUHQWKLSSUHVHUYLQJWUHDWPHQWVEHIRUHWKHLUSURVWKHVLVDQGWKHG\VSODVLDSDWLHQWV

VFRUHG SRRUHU LQ TXDOLW\ RI OLIH (4' FRPSDUHG WR WKH DJHPDWFKHG JHQHUDO
SRSXODWLRQLQ6ZHGHQDQGWKH8.
,Q3DSHU,,,ZHDLPHGWRYDOLGDWHDGLJLWDOPHDVXUHPHQWSURJUDPPHIRUKLSG\VSODVLD
DW VNHOHWDO PDWXULW\ 1LQHW\ILYH UDGLRJUDSKV ZHUH PHDVXUHG E\ WKUHH LQGHSHQGHQW
REVHUYHUV LQERWKDQHZO\GHYHORSHGGLJLWDOPHDVXUHPHQWSURJUDPPHDQGPDQXDOO\
LQ$JID:HE(OHYHQUDGLRORJLFDOPHDVXUHPHQWVDOOUHOHYDQWIRUKLSG\VSODVLDDW
VNHOHWDO PDWXULW\ ZHUH HYDOXDWHG :H IRXQG DFFHSWDEOH LQWHU DQG LQWUDREVHUYHU
UHSURGXFLELOLW\ IRUPRVWPHDVXUHPHQWV EXWZLWKSRRUHU DFFXUDF\ IRUPHDVXUHPHQWV
ZLWK VPDOO DEVROXWH YDOXHV 7KH UHSURGXFLELOLW\ ZDV UHODWLYHO\ VLPLODU IRU WKH WZR
PHWKRGVXVHGEXWWKHGLJLWDOPHDVXUHPHQWVZHUHSHUIRUPHGPXFKIDVWHU
,Q3DSHU,9ZHXVHGGDWDIURPWKH+LS3URMHFWDQGUHSRUWHGRQWKHSUHYDOHQFH
RIKLSG\VSODVLDLQ\HDUROG1RUZHJLDQV7KHSUHYDOHQFHRIKLSG\VSODVLDLQ
WKH FRKRUW YDULHG IURP  WR  GHSHQGLQJ RQ WKH UDGLRORJLFDO PHDVXUHPHQW
XVHG$:LEHUJ¶V DQJOHZDV VHHQ LQRI WKH FRKRUW  LQZRPHQ DQG
 LQ PHQ :H IRXQG QR DVVRFLDWLRQ EHWZHHQ VXEMHFWV ZLWK UDGLRORJLFDO VLJQV
LQGLFDWLQJKLSG\VSODVLDDQGERG\PDVVLQGH[%0,%HLJKWRQK\SHUPRELOLW\VFRUH
(4'VFRUHRU:20$&VFRUH
7KH RYHUDOO FRQFOXVLRQV RI WKLV WKHVLV DUH DV IROORZV $ERXW  RI DOO WRWDO KLS
UHSODFHPHQWV LQ \RXQJ DGXOWV   \HDUV DUH SHUIRUPHG GXH WR DQ XQGHUO\LQJ KLS
G\VSODVLD7KHG\VSODVLDGLDJQRVLVLVLQJHQHUDOGHWHFWHGODWHLQGLFDWLQJWKDWFOLQLFDO
WHVWLQJ IRU KLS LQVWDELOLW\ LQ QHZERUQV LV DQ LQVXIILFLHQW VFUHHQLQJPHWKRG WR GHWHFW
KLSV WKDW UHTXLUH D WRWDO KLS UHSODFHPHQW LQ \RXQJ DGXOWKRRG 6HYHUDO UDGLRJUDSKLF
PHDVXUHPHQWVIRUKLSG\VSODVLDDUHSURSRVHGLQWKHOLWHUDWXUH7KHUHSURGXFLELOLW\IRU
WKHVH PHDVXUHPHQWV YDULHV EXW ZLWK DFFHSWDEOH UHVXOWV IRU WKH PRUH FRPPRQ
PHDVXUHPHQWV VXFK DV :LEHUJ¶V FHQWUHHGJH DQG 6KDUS¶V DFHWDEXODU DQJOH 7KH
SUHYDOHQFH RI KLS G\VSODVLD LV KLJKO\ GHSHQGHQW RQ WKH UDGLRJUDSKLFPHDVXUHPHQWV
XVHG EXW D KLJK SUHYDOHQFH IRU VRPH RI WKH PHDVXUHPHQWV LV IRXQG LQ VNHOHWDOO\
PDWXUH1RUZHJLDQVDVFRPSDUHGWRRWKHUVWXGLHVRQ&DXFDVLDQVLQWKHOLWHUDWXUH
 
3. NORSK SAMMENDRAG
+RIWHOHGGVG\VSODVL HU HQ WLOVWDQG KYRU KRIWHOHGGHQH HU XIXOOVWHQGLJ XWYLNOHW RJ
KRIWHVNnOHQHUJUXQQHUHHQQQRUPDOW'HWWHGLVSRQHUHUIRULQVWDELOLWHWLKRIWHOHGGHWRJ
OnUKRGHW NDQ KHOW HOOHU GHOYLV Jn XW DY OHGG %DVHUW Sn WDOO IUD 0HGLVLQVN
)¡GVHOVUHJLVWHU UDSSRUWHUHV nUOLJ UXQGW   DY DOOH Q\I¡GWH L 1RUJH PHG
KRIWHOHGGVLQVWDELOLWHW 'HQ YDQOLJVWH EHKDQGOLQJHQ HU  XNHUV
DEGXNVMRQVEHKDQGOLQJ PHG )UHMNDV SXWH RJ PHG GHQQH XWYLNOHU GH IOHVWH QRUPDOH
KRIWHU , WLOOHJJ WLO GHP VRP GLDJQRVWLVHUHV YHG I¡GVHO HU GHW QRHQ VRP HU VHQ
GLDJQRVWLVHUWHDOGHU!PnQHGYHGGLDJQRVH)RUGHQQHJUXSSHQNDQEHKDQGOLQJHQ
Y UH PHU NRPSOLVHUW RJ ODQJYDULJ -R HOGUH EDUQHW HU YHG EHKDQGOLQJVVWDUW GHVV
GnUOLJHUH SURJQRVH (Q G\VSODVWLVN KRIWH PHGI¡UHU HQGUHWH PHNDQLVNH IRUKROG L
KRIWHOHGGHW'HWWHGLVSRQHUHU IRU¡NW EUXVNVOLWDVMHRJ IDUH IRUXWYLNOLQJDYDUWURVH L
KRIWHQLXQJYRNVHQDOGHUVRPNDQHQGHRSSPHGHQWRWDOSURWHVHLKRIWHQ
, DUWLNNHO ,NREOHWYL WRQDVMRQDOHKHOVHUHJLVWUH1DVMRQDOW5HJLVWHU IRU/HGGSURWHVHU
RJ 0HGLVLQVN )¡GVHOVUHJLVWHU )¡GVHOVUHJLVWHUHW LQQHKROGHU LQIRUPDVMRQ RP DOOH
Q\I¡GWH L1RUJH IUD RJ/HGGUHJLVWHUHW RPIDWWHU DOOH WRWDOSURWHVHU L KRIWHOHGGHW
VDWWLQQL1RUJHIUD6WXGLHQIDQWHQJDQJHU¡NWULVLNRIRUHQKRIWHSURWHVHL
XQJ YRNVHQ DOGHU IRU SDVLHQWHU GLDJQRVWLVHUW PHG KRIWHOHGGVLQVWDELOLWHW L
Q\I¡GWSHULRGHQ,PLGOHUWLGYDUGHQDEVROXWWHULVLNRHQODYEDUHDYIRUSDVLHQWHU
PHGKRIWHOHGGVLQVWDELOLWHW VDPPHQOLJQHWPHGDY IRUGHPPHGVWDELOHKRIWHU
.XQDYGHPPHGHQ WRWDOSURWHVHSnJUXQQDYKRIWHOHGGVG\VSODVLYDU UDSSRUWHUW
PHGLQVWDELOHKRIWHUYHGI¡GVHO
,DUWLNNHO,,YDOLGHUWHYLGLDJQRVHQHnUVDNHQHWLOHQWRWDOSURWHVHLKRIWHOHGGHWVRPYDU
UDSSRUWHUW WLO 1DVMRQDOW 5HJLVWHU IRU /HGGSURWHVHU IRU SDVLHQWHU I¡GW HWWHU 
0HGLVLQVNH MRXUQDOHU EOH JMHQQRPJnWW RJ YL QRWHUWH DOGHU YHG GLDJQRVH WLGOLJHUH
EHKDQGOLQJRJLWLOOHJJEOHSDVLHQWHQHVSXUWRPOLYVNYDOLWHW(4'9LIDQWDW
DYKRIWHOHGGVG\VSODVLGLDJQRVHQHUDSSRUWHUW WLO UHJLVWHUHWYDUNRUUHNWH0HGLDQDOGHU
YHGGLDJQRVHWLGVSXQNWYDUKHOHnUnUIRUNYLQQHURJnUIRUPHQQDY
SDVLHQWHQHKDGGHJMHQQRPJnWWXOLNHKRIWHEHYDUHQGHRSHUDVMRQHUI¡USURWHVHLQQVHWWLQJ

RJG\VSODVLSDVLHQWHQH VFRUHWGnUOLJHUHSn OLYVNYDOLWHW VDPPHQOLJQHWPHGGHQDOGHUV
PDWFKHWHJHQHUHOOHEHIRONQLQJHQL6YHULJHRJ6WRUEULWDQQLD
, DUWLNNHO ,,, YDOLGHUWH YL HW GLJLWDOW U¡QWJHQPnOHSURJUDP IRU KRIWHOHGGVG\VSODVL KRV
VNMHOHWWPRGQHU¡QWJHQELOGHUEOHPnOWDYWUHXDYKHQJLJHSHUVRQHULEnGHHWGLJLWDOW
PnOHSURJUDP ''+B$GXOW RJ PDQXHOW L $JID:HE  U¡QWJHQPnO DOOH
UHOHYDQWH IRU KRIWHOHGGVG\VSODVL EOH YXUGHUW 9L IDQW DNVHSWDEHO LQWHU RJ LQWUD
REVHUYDW¡UUHSURGXVHUEDUKHWIRUGHIOHVWHPnOLQJHQHPHQPHGGnUOLJHUHQ¡\DNWLJKHW
IRUPnOLQJHUPHG ODYHDEVROXWWYHUGLHU5HSURGXVHUEDUKHWHQYDU UHODWLYW OLN IRUGH WR
PHWRGHQHPHQGHGLJLWDOHPnOLQJHQHYDUP\HUDVNHUHnXWI¡UH
, DUWLNNHO ,9 EUXNWH YL GDWD IUD +RIWHVWXGLHQ RJ XQGHUV¡NWH SUHYDOHQVHQ DY
KRIWHOHGGVG\VSODVLEODQWQRUVNHnULQJHU8WEUHGHOVHQDYKRIWHOHGGVG\VSODVLL
NRKRUWHQYDULHUWHIUDWLODYKHQJLJDYKYLONHWU¡QWJHQPnOVRPEOHEHQ\WWHW
:LEHUJVYLQNHOEOHIXQQHWKRVDYSHUVRQHQHKRVNYLQQHURJ
KRV PHQQ 9L IDQW LQJHQ VDPPHQKHQJ PHOORP SHUVRQHU PHG UDGLRORJLVNH WHJQ Sn
KRIWHOHGGVG\VSODVL RJ ERG\PDVVLQGH[ %0, %HLJKWRQ K\SHUPRELOLWHWV VFRUH RJ
OLYVNYDOLWHWVVFRUH(4'RJ:20$&
+RYHGIXQQHQH L GHQQH DYKDQGOLQJHQ HU DW UXQGW  DY DOOH WRWDOSURWHVHU KRV XQJH
YRNVQH nU VN\OGHV HQXQGHUOLJJHQGHKRIWHOHGGVG\VSODVL'\VSODVLGLDJQRVHQ HU
JHQHUHOWVHQWGLDJQRVWLVHUWPHGLDQnUQRHVRPLQGLNHUHUDWNOLQLVNXQGHUV¡NHOVH
IRU KRIWHOHGGVG\VSODVL KRV Q\I¡GWH LNNH HU HQ WLOVWUHNNHOLJ VFUHHQLQJPHWRGH IRU n
RSSGDJH GH KRIWHQH VRP NUHYHU WRWDOSURWHVH L XQJ YRNVHQ DOGHU )OHUH XOLNH
U¡QWJHQPnOIRUKRIWHOHGGVG\VSODVLHUEHVNUHYHWLOLWWHUDWXUHQ5HSURGXVHUEDUKHWHQIRU
GLVVH HU YDULHUHQGH PHQ YL IDQW DNVHSWDEOH UHVXOWDWHU IRU GH YDQOLJVWH PnOHQH VRP
:LEHUJV FHQWUHHGJH &(YLQNHO RJ 6KDUSV YLQNHO 3UHYDOHQVHQ DY
KRIWHOHGGVG\VSODVL HU DYKHQJLJ DY KYLONHW U¡QWJHQPnO VRP EHQ\WWHV PHQ YL IDQW
K¡\HUH IRUHNRPVW IRU HQNHOWH U¡QWJHQPnO EODQW VNMHOHWWPRGQH QRUGPHQQ
VDPPHQOLJQHWPHGDQGUHVWXGLHUSnNDXNDVLVNH
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5. ABBREVIATIONS
$$ $FHWDEXODUURRI$QJOHRI7|QQLV
$$26 $PHULFDQ$FDGHP\RI2UWKRSHGLF6XUJHRQV
$'5 $FHWDEXODU'HSWKZLGWK5DWLR
$3 $QWHURSRVWHULRU
$52 $FHWDEXODU5RRI2EOLTXLW\
$7' $UWLFXOR7URFKDQWHULF'LVWDQFH
$91 $YDVFXODU1HFURVLV
%0, %RG\0DVV,QGH[
&(DQJOH &HQWUH(GJHDQJOHRI:LEHUJ
&'+ &RQJHQLWDO'LVORFDWLRQRIWKH+LS
&, &RQILGHQFH,QWHUYDO
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Figure 1 Illustration of A) a normal hip joint with the femoral head nicely located inside 
the acetabulum, and B) a dysplastic acetabulum with a subluxated femoral head. 

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6. BACKGROUND
6.1 INTRODUCTION TO THE FIELD 
+LSSDLQLVDIUHTXHQWSUREOHPDQGLVFDXVHGE\QXPHURXVFRQGLWLRQV'HJHQHUDWLRQ
RIWKHKLSMRLQWRVWHRDUWKULWLVLVRQHRIWKHPRUHFRPPRQFDXVHVDQGRIWHQSUHVHQWV
ZLWK JURLQ SDLQ WKDWZRUVHQV GXULQJ DFWLYLW\ DQG LPSURYHVZLWK UHVW 7KH FDXVH RI
RVWHRDUWKULWLV2$PD\EHXQNQRZQLGLRSDWKLFRVWHRDUWKULWLVRUVHFRQGDU\WRRWKHU
FRQGLWLRQVVXFKDVIUDFWXUHVUKHXPDWRORJLFGLVHDVHVFKLOGKRRGKLSGLVHDVHVRUVLGH
HIIHFWVRIPHGLFDOWUHDWPHQWVDQGGUXJV7KHHQGVWDJHWUHDWPHQWIRUKLSRVWHRDUWKULWLV
FRXOGEHDWRWDOKLSUHSODFHPHQW7+5
+LS G\VSODVLD LV WKHPRVW FRPPRQ RI WKH FKLOGKRRG KLS GLVHDVHV DQG DQ LPSRUWDQW
FDXVHWRVHFRQGDU\KLSRVWHRDUWKULWLV,WLVQRUPDOO\GLDJQRVHGLQWKHQHZERUQSHULRG
E\ FOLQLFDO H[DPLQDWLRQ VXSSOHPHQWHG ZLWK XOWUDVRXQG 7KH KLSV SUHVHQW ZLWK D
VKDOORZDFHWDEXOXPKLSVRFNHW)LJXUH%PRVWRIWHQDVVRFLDWHGZLWKDQXQVWDEOH

RU GLVORFDWDEOH IHPRUDO KHDG ,Q VHYHUH FDVHV WKH KLS LV GLVORFDWHG 7KH DLP RI WKH
WUHDWPHQWLVWRPDLQWDLQWKHIHPRUDOKHDGZLWKLQWKHDFHWDEXOXPOHDGLQJWRDQRUPDO
GHYHORSPHQWRIWKHKLSMRLQW'LIIHUHQWWUHDWPHQWWHFKQLTXHVDUHLQXVHUDQJLQJIURP
YDULRXVKDUQHVVHVWKH)UHMNDSLOORZEHLQJXVHGLQ1RUZD\RUWKRVLVKLSVSLFDFDVW
DQGVHYHUDOVXUJLFDOSURFHGXUHV,I WKHPHFKDQLFDOFRQILJXUDWLRQLVQRWVDWLVIDFWRULO\
UHHVWDEOLVKHGWKHSDWLHQWLVDWULVNRIGHYHORSLQJKLSRVWHRDUWKULWLVLQHDUO\DGXOWKRRG
(DUO\WUHDWPHQWLPSURYHVWKHRXWFRPH
+LS G\VSODVLD LV DQ LPSRUWDQW XQGHUO\LQJ FDXVH RI WRWDO KLS UHSODFHPHQW LQ \RXQJ
DGXOWV,Q1RUZD\DOOWRWDOKLSDUWKURSODVWLHVSHUIRUPHGVLQFHDUHUHSRUWHG
WR WKH 1RUZHJLDQ $UWKURSODVW\ 5HJLVWHU 7KH UHJLVWHU KROGV LQIRUPDWLRQ RQ WKH
SDWLHQWWKHRSHUDWLRQLPSODQWVXVHGDQGDQ\UHYLVLRQV$OPRVWSULPDU\WRWDO
KLS UHSODFHPHQWV KDYH EHHQ UHJLVWHUHG LQ ZKLFK KLS G\VSODVLD ZDV WKH XQGHUO\LQJ
FDXVHRI7KLVLVDKLJKHUSHUFHQWDJHWKDQLQWKHRWKHU1RUGLFFRXQWULHVZKLFK
UHSRUW ILJXUHV RI  7KLV PD\ LQGLFDWH D UHODWLYHO\ KLJK SUHYDOHQFH RI KLS
G\VSODVLDDPRQJ1RUZHJLDQV
,QRUGHU WRPDNHDFRUUHFWGLDJQRVLV LQPHGLFLQHRQHKDV WRNQRZZKDWGLDJQRVWLF
WRROVWRXVHDQGKRZWRXVHWKHP)RUKLSG\VSODVLDWKHGLDJQRVLVLVEDVHGRQFOLQLFDO
DQG UDGLRORJLFDO H[DPLQDWLRQ 0XOWLSOH UDGLRORJLFDO PHDVXUHPHQWV DUH SURSRVHG LQ
RUGHU WR GHILQH KLS G\VSODVLD DW VNHOHWDO PDWXULW\ EXW WKH UHSRUWHG YDOLGLW\ RI WKH
GLIIHUHQW PDUNHUV YDULHV 7KLV LV RI UHOHYDQFH ZKHQ WKH SUHYDOHQFH LV VWXGLHG DQG
UHODWHGWRILQGLQJVLQWKHOLWHUDWXUH&RPSDULQJILQGLQJVEDVHGRQGLIIHUHQWGLDJQRVWLF
FULWHULDPD\OHDGWRLQFRUUHFWFRQFOXVLRQV
7KLVWKHVLVIRFXVHVRQKLSG\VSODVLDLQ\RXQJDGXOWV%\XVLQJQDWLRQDOUHJLVWHUVWKH
1RUZHJLDQ $UWKURSODVW\ 5HJLVWHU DQG WKH 0HGLFDO %LUWK 5HJLVWU\ RI 1RUZD\
PHGLFDOUHFRUGVDQGGDWDIURPDIROORZXSKLSVWXG\7KH+LS3URMHFW,KDYH
WULHG WR HQKDQFH RXU XQGHUVWDQGLQJ RI GLDJQRVLV DQG RFFXUUHQFHRI KLS G\VSODVLD DW
VNHOHWDOPDWXULW\DQGWRWDOKLSUHSODFHPHQWGXHWRKLSG\VSODVLDLQ\RXQJDGXOWV
 
 
6.2 HIP DYSPLASIA 
+LS G\VSODVLD LV D FRPSOH[ GLVRUGHU ERWK LQ GLDJQRVLV DQG WUHDWPHQW $ SRRUO\
GHYHORSHG  G\VSODVWLF DFHWDEXOXP LV IRXQG LQ WKHVH SDWLHQWV DQG ZLWKRXW SURSHU
WUHDWPHQWWKHKLSLVDWULVNRIGHYHORSLQJRVWHRDUWKULWLV
6.2.1 A historical overview 
+LS G\VSODVLD LV D FRQGLWLRQ NQRZQ VLQFH DQFLHQW WLPHV 7KH GLVHDVH ZDV DOUHDG\
GHVFULEHGE\+LSSRFUDWHV%&ZKRVWDWHGWKDWLWPLJKWEHFRQJHQLWDODQG
FDXVHGE\DQLQMXU\WRWKHPRWKHU¶VDEGRPHQ
0RUHWKDQ\HDUVODWHU$PEURLVH3DUpVXJJHVWHGWKDWWKHFRQGLWLRQ
PLJKWEHKHUHGLWDU\DQGWKDWDVKDOORZDFHWDEXOXPGHYHORSHGZKHQWKHIHPRUDOKHDG
ZDVQRWH[DFWO\UHGXFHG,Q WKHILUVWGHVFULSWLRQRIDGLVORFDWHGKLS LQDSRVW
PRUWHP VSHFLPHQ ZDV JLYHQ E\ 'U 3DOHWWD IURP 9LHQQD DQG LQ  WKH )UHQFK
VXUJHRQ *XLOODXPH 'XSX\WUHQ  SUHVHQWHG D GLVVHUWDWLRQ RQ KLS MRLQW
GLVORFDWLRQV +H QRWHG WKDW LQ RQH W\SH RI GLVORFDWLRQ WKHUH ZDV ³D GHIHFW LQ WKH
GHSWK RU FRPSOHWHQHVV RI WKH DFHWDEXOXP´ DQG QDPHG LW ³RULJLQDO RU FRQJHQLWDO
GLVORFDWLRQV´ ³&RQJHQLWDO G\VSODVLD RI WKH KLS´ &'+ ZDV DFFHSWHG DV D GLVWLQFW
FOLQLFDOWHUPIRUPRVWRIWKHQH[WFHQWXU\
7KHILUVWUHSRUWRIKLSG\VSODVLDDVDVHSDUDWHHQWLW\ZDVZULWWHQE\'U3DULVHLQ
ZKR UHSRUWHG RQ DXWRSVLHV LQ WZR LQIDQWV ZKR KDG VXEOX[DWHG KLSV DQG IODWWHQHG
DFHWDEXOD ,Q*RXUGRQUHSRUWHG WKUHHSDWLHQWV DQG\HDUVRIDJHDOO
ZLWK PDOGHYHORSHG XSSHU DFHWDEXODU ERUGHUV 7KH SDWLHQWV UHSRUWHG SDLQ DQG HDV\
IDWLJDELOLW\DQGWKLVZDVWKHILUVWDVVRFLDWLRQRIKLSG\VSODVLDZLWKFOLQLFDOV\PSWRPV
7KHILUVWUHSRUWRIDQDVVRFLDWLRQRIKLSG\VSODVLDDQGRVWHRDUWKULWLVZDVFRPSLOHGLQ
E\/H6FRODQZKR VWXGLHGSDWLHQWVZLWK ERWK DFHWDEXODUG\VSODVLD DQG KLS
VXEOX[DWLRQ6L[RIWKHVHSDWLHQWVDJHG\HDUVKDGRVWHRDUWKULWLV
3UDYD]  DQG 3DFL  ZHUH WKH ILUVW WR UHSRUW RQ FORVHG UHGXFWLRQ RI WKH
IHPRUDO KHDG XVLQJ SURORQJHG WUDFWLRQ DQG EHG UHVW DV WUHDWPHQW 5RVHU 
VXJJHVWHG WKDW KLS GLVORFDWLRQ FRXOG EH GLDJQRVHG LQ WKH QHZERUQ SHULRG DQG WKDW

SURSRVHGWKDWDQDEQRUPDOIRHWDOSRVLWLRQPLJKWFDXVHWKHKLSGLVORFDWLRQ)XUWKHU
KHGHVFULEHG WKDWXQVWDEOHKLSV LQQHZERUQV FRXOGEH UHGXFHGE\DEGXFWLRQDQG UH
GLVORFDWHGE\DGGXFWLRQ7KHILUVWVXFFHVVIXORSHQUHGXFWLRQRIWKHIHPRUDOKHDGZDV
SHUIRUPHGE\+RIIDLQ6HYHUDOUHSRUWVRQVXUJLFDOLQWHUYHQWLRQZHUHSUHVHQWHG
GXULQJ WKH WK FHQWXU\ EXW DOO KDGPDQ\ FRPSOLFDWLRQV 3RJJL +RIID 
.|QLJ
7KH$XVWULDQRUWKRSDHGLFVXUJHRQ/RUHQ]EHFDPHDQLPSRUWDQWDGYRFDWH
RI FRQVHUYDWLYH WUHDWPHQW RI GLVORFDWLRQ RI WKH KLS 'XH WR WKH GHYHORSPHQW RI D
VHYHUHVNLQDOOHUJ\KHFRXOGQRWSHUIRUPWUDGLWLRQDOVXUJLFDORSHUDWLRQVDQGEHFDPH
NQRZQ DV ³WKH %ORRGOHVV 6XUJHRQ RI 9LHQQD´ 'U /RUHQ]ZDV UHQRZQHG IRU KLV
FRQVHUYDWLYHWHFKQLTXHRIUHGXFLQJWKHIHPRUDOKHDGLQWRWKHDFHWDEXOXPXQGHUOLJKW
DQDHVWKHVLD ZLWK D VXEVHTXHQW KLS VSLFD FDVW LQ DEGXFWLRQ IROORZHG E\ H[WHUQDO
URWDWLRQDVWKHFKLOGPDWXUHG+HZDVDOVRWKHILUVWWRDGGDZDONLQJIUDPHWRWKHFDVW
VR WKDW WKH FKLOG ZDV VRPHZKDW PRELOH /RUHQ] UHSRUWHG JRRG UHVXOWV ZLWK WKLV
PHWKRG RI WUHDWPHQW DQG LW EHFDPH WKH PRVW SRSXODU PHWKRG IRU D ORQJ WLPH 'U
/RUHQ] VWDWHG WKDW WUHDWPHQW ZLWK UHGXFWLRQ VKRXOG VWDUW DW  \HDUV RI DJH DV D
GLDJQRVLVPDGHEHIRUHWKHFKLOGVWDUWHGWRZDONZDVXQFHUWDLQ7KLVLGHDRIODWHRQVHW
RI WKH WUHDWPHQWZDV SRSXODUZHOO LQWR WKH WK FHQWXU\ EXWZDV DOVR FRXQWHUHG E\
PDQ\RSSRQHQWV2QHRIWKHPZDV+LOJHQUHLQHUIDPRXVIRUGHVFULELQJ
+LOJHQUHLQHU¶V OLQH RQ UDGLRJUDSKV ZKR FODLPHG WKDW UHGXFWLRQ ZDV YHU\ HDV\ LQ
FKLOGUHQPRQWKVRIDJH'U+LOJHQUHLQHUDOVRVXJJHVWHGWKHQDPHdysplasia with 
or without dislocationLQ
'U3XWWLZDVDQRUWKRSDHGLFVXUJHRQIURP%RORJQDDQDUHDLQ,WDOLDZLWK
D KLJK SUHYDOHQFH RI KLS G\VSODVLD +H ZDV WKH ILUVW SK\VLFLDQ WR UHDOLVH WKH
LPSRUWDQFH RI HDUO\ UHFRJQLWLRQ DQG WUHDWPHQW RI &'+ DQG UHFRPPHQGHG DOO
QHZERUQEDELHVWREHVFUHHQHGE\[UD\VLQRUGHUWRGHWHFW&'++HDOVRGHVFULEHG
WKDWDFKLOGZLWKD&'+RIRQHKLSFRXOGKDYHDORFDWHGRUPLQLPDOO\VXEOX[DWHGKLS
ZLWKDVKDOORZDFHWDEXOXPRQWKHFRQWUDODWHUDOVLGH
 
'U0DULQR2UWRODQLVWXGLHGPHGLFLQHLQ%RORJQDLQWKHVDQGZDVD
VWXGHQWRI'U3XWWL+HRSHQHGDSDHGLDWULFFOLQLFRXWVLGH%RORJQDZKHUHRQHRI
KLV SDWLHQWV ZDV D PRQWKROG ER\ ZKRVHPRWKHU KDG UHFRJQL]HG D ³FOLFN´ HYHU\
WLPH WKH EDE\ ZDV ZDVKHG LQ WKH SHULQHDO UHJLRQ 'U 2UWRODQL FRQFOXGHG WKDW WKH
³FOLFN´ RFFXUUHG ZLWK DEGXFWLRQDGGXFWLRQ PRWLRQ RI WKH WKLJK DQG GHVFULEHG KLV
IDPRXVPHWKRGRIDVVHVVLQJKLSLQVWDELOLW\³2UWRODQL¶VPDQRHXYUH´LQ7KH
FOLQLFDO WHVW KDG DOUHDG\ EHHQ GHVFULEHG E\/H'DPDQ\ DQG6DLJHW LQ  EXW'U
2UWRODQL EURXJKW LW WR SURPLQHQFH 'U 2UWRODQL UHSRUWHG JRRG UHVXOWV RQ HDUO\
GLDJQRVLV DQG WUHDWPHQW XVLQJ D SLOORZ NHHSLQJ WKH KLSV LQ D IOH[HG DQG DEGXFWHG
SRVLWLRQDQGWKLVVRRQEHFDPHWKHGRPLQDQWZD\WRGHDOZLWKQHRQDWDOKLSLQVWDELOLW\
$ PRGLILFDWLRQ RI WKLV SLOORZ ZDV LQWURGXFHG LQ  E\ WKH &]HFK RUWKRSDHGLF
VXUJHRQ %HGULFK )UHMND  7KH )UHMND SLOORZ LV WRGD\ WKH SUHIHUUHG
WUHDWPHQWRSWLRQRIG\VSODVWLFKLSVLQQHZERUQVLQ1RUZD\
6KHUPDQ &ROHPDQ  DQ RUWKRSDHGLF VXUJHRQ IURP 6DOW /DNH &LW\ DQG
.XUW3DOPpQDSDHGLDWULFLDQIURP6ZHGHQQRWHGWKDWVRPHEDELHVZLWK&'+GLGQRW
KDYHDSRVLWLYH2UWRODQLVLJQEXWRQO\D³MHUNRIH[LW´7KHKLSFRXOGEHSURYRNHGWR
VXEOX[DWLRQ ,Q  WKH(QJOLVK RUWKRSDHGLF VXUJHRQ7*%DUORZ XVHG WKH WHUP
GLVORFDWDEOH+HVWXGLHGQHZERUQV LQ WKHILUVWZHHNRI OLIHIRUKLS LQVWDELOLW\
DQGIRXQGDKLJKHULQFLGHQFHWKDQSUHYLRXVO\DQWLFLSDWHG7KHPDMRULW\RIWKH
XQVWDEOH KLSV GLG QRW KDYH D SRVLWLYH2UWRODQL VLJQ 7KH\ZHUH ORFDWHG DW UHVW EXW
ZHUHGLVORFDWDEOHZKHQWHVWHG%DUORZDOVRQRWLFHGWKDWWKHLQFLGHQFHZDVJUHDWHULQ
WKH ILUVWGD\VRI OLIH òGD\VDVFRPSDUHG WR VOLJKWO\ROGHUEDELHV ò
GD\V7KLVLQGLFDWHGWKDWWKHLQVWDELOLW\UHVROYHVTXLFNO\
,QWKHODWHVWKH$XVWULDQRUWKRSDHGLFVXUJHRQ'U5HLQKDUG*UDIQRWHGWKDWWKH
FDUWLODJLQRXV IHPRUDO KHDG DQG DFHWDEXOXP FRXOG EH LPDJHG E\ XOWUDVRXQG
6XEVHTXHQWO\'U+DUFNHDUDGLRORJLVWIURP:LOPLQJWRQ'HODZDUHGHPRQVWUDWHGD
G\QDPLFXOWUDVRXQGRIWKHG\QDPLFKLS+DUFNHPDGHLWSRVVLEOHWRVHHZKDW2UWRODQL
DQG%DUORZFRXOGRQO\IHHO

6HYHUDOLPSRUWDQWZRUNVRQKLSG\VSODVLDKDYHEHHQZULWWHQLQ6FDQGLQDYLD,Q
WKH6ZHGLVKRUWKRSDHGLFVXUJHRQ*XQQDU:LEHUJSXEOLVKHGKLVWKHVLVRQ
WKHG\VSODVWLFDFHWDEXOXPDQGFRQJHQLWDOVXEOX[DWLRQRIWKHKLSMRLQW+HLQWURGXFHG
WKHVRFDOOHG:LEHUJ¶VFHQWUHHGJH&(DQJOHZKLFKEHFDPHDFODVVLF UDGLRJUDSKLF
PHDVXUHPHQW GHVFULELQJ WKH DFHWDEXODU FRYHUDJH RI WKH IHPRUDO KHDG 7ZR \HDUV
ODWHU WKH ZRUN RI 6HYHULQ  VKRZHG WKDW WKH /RUHQ] PHWKRG RI ODWH RQVHW RI
WUHDWPHQWKDGYHU\SRRUORQJWHUPUHVXOWVDQGIRXQGDQLPSURYHGRXWFRPHLQLQIDQWV
ZLWK HDUO\ WUHDWPHQW VWDUW 7KH SDHGLDWULFLDQ .XUW 3DOPpQ LQWURGXFHG FOLQLFDO
VFUHHQLQJRIWKHKLSMRLQWVIRUDOOQHZERUQVLQ)DON|SLQJLQ6ZHGHQLQWKHVDQG
EDVHG RQ WKHVH H[SHULHQFHV )UHGHQVERUJ  FRQFOXGHG WKDW ODWH GHWHFWHG KLS
G\VSODVLDFRXOGDOPRVWEHHOLPLQDWHGE\DGHGLFDWHGFOLQLFDOH[DPLQDWLRQ,Q1RUZD\
:DOWKHUDQG0RHZHUHWKHILUVWWRUHSRUWUHVXOWVRIQHRQDWDOKLSVFUHHQLQJRI
DOOQHZERUQV/DWHUWKHVWXGLHVRI%MHUNUHLPLQDQG&\YLQLQ
ZHUHWKHPRVWLPSRUWDQWLQ1RUZD\,QUHFHQWGHFDGHVGLDJQRVWLFDSSURDFKHV
DQG VFUHHQLQJ VWUDWHJLHV RI KLS G\VSODVLD KDYH UHFHLYHG PXFK DWWHQWLRQ
8OWUDVRQRJUDSK\KDVEHHQ LQWURGXFHGDQG WKH WKHVHVRI'U5RVHQGDKO  DQG
'U+ROHQ  KDYH VKHG OLJKW RQ WKH UROH RI XOWUDVRQRJUDSK\ LQ WKH GLDJQRVLV
DQGWUHDWPHQWRIKLSG\VSODVLDLQQHZERUQV

6.2.2 Normal development of the hip joint 
7KHKLSMRLQWVWDUWVWRGHYHORSIURPPHVHQFK\PDOFHOOVDVHDUO\DVWKHWKWKZHHNRI
JHVWDWLRQ ,Q WKH WK ZHHN D FOHIW DSSHDUV LQ WKH SUHFDUWLODJH FHOOV GHILQLQJ WKH
IHPRUDOKHDGDQGWKHDFHWDEXOXPDQGDWZHHNVWKHIHPRUDOKHDGLVIXOO\IRUPHG
ZLWKDVSKHULFDOFRQILJXUDWLRQ ,Q ODWHJHVWDWLRQ WKH IXUWKHUJURZWKRI WKHIHPRUDO
KHDG LVPRUH UDSLG WKDQ WKH JURZWK RI WKH DFHWDEXODU FDUWLODJH VR WKDW WKH IHPRUDO
KHDGLVOHVVWKDQFRYHUHGDWELUWK$WELUWKWKHDFHWDEXOXPLVDWLWVPRVWVKDOORZ
DQG PRVW OD[ LQ RUGHU WR PD[LPLVH WKH KLS UDQJH RI PRWLRQ ZKLFK IDFLOLWDWHV WKH
GHOLYHU\SURFHVV+RZHYHULWLVH[WUHPHO\GLIILFXOWWRGLVORFDWHDQRUPDOLQIDQW¶VKLS
DVWKHUHWDLQLQJIRUFHVDUHVLPLODUWRWKDWRIDVXFWLRQFXS$FFRUGLQJO\GLVORFDWDEOH
 
Figure 2 The acetabular cartilage 
is tri-radiated, formed by the ilium 
(yellow), ischium (blue) and pubic 
(red) bones.  
KLSV LQ QHZERUQV DUH QRW PHUHO\ QRUPDO KLSV
ZLWK LQFUHDVHG FDSVXODU OD[LW\ WKH\ DUH
SDWKRORJLFDOFDVHV
3RVWQDWDOO\ WKH DFHWDEXODU FDUWLODJH GHYHORSV
IDVWHUWKDQWKHIHPRUDOKHDGZKLFKSURJUHVVLYHO\
DOORZVPRUHFRYHUDJH$W WKLV WLPHWKHFDUWLODJH
LV WULUDGLDWHGPHGLDOO\DQGFXSVKDSHGODWHUDOO\
7KH DFHWDEXOXP LV IRUPHG E\ WKH LOLXP DERYH
WKH LVFKLXP EHORZ DQG WKH SXELV DQWHULRUO\
)LJXUH
$W ELUWK WKH SUR[LPDO HQG RI WKH IHPXU LV
FRPSRVHG HQWLUHO\RI FDUWLODJH%HWZHHQ WKHWK
DQG WK PRQWKV RI OLIH WKH SUR[LPDO IHPRUDO
RVVLILFDWLRQ FHQWUHV EHJLQ WR DSSHDU 7KHVH ERQ\ FHQWUHV FRQWLQXH WR HQODUJH DQG
UHSODFHWKHFDUWLODJHXQWLODGXOWDJHZKHQRQO\DWKLQOD\HURIFDUWLODJHUHPDLQVRYHU
WKHP 7KH GHYHORSPHQW RI WKH KLS MRLQW XQWLO VNHOHWDO PDWXULW\ RFFXUV WKURXJK
EDODQFHG JURZWK RI WKH SUR[LPDO IHPXU WKH DFHWDEXODU WULUDGLDWH FDUWLODJH DQG WKH
DGMDFHQW ERQHV 7KLV EDODQFH LV SUREDEO\ JHQHWLFDOO\ GHWHUPLQHG DQG WKH IDPLOLDO
SUHGLVSRVLWLRQ RI KLS G\VSODVLD PD\ SDUWO\ EH GXH WR WKLV 7KH UHSODFHPHQW RI WKH
FDUWLODJHE\ERQHLQWKHSUR[LPDOIHPXUDQGWKHLQFUHDVHRIWKHQRUPDOGHSWKRIWKH
DFHWDEXOXPUHTXLUHDIHPRUDOKHDGSODFHGLQWKHDFHWDEXOXP,QFRQGLWLRQVZKHUHWKLV
GRHVQRWKDSSHQGXHWRHJDVXEOX[DWHGIHPRUDOKHDGWKHGHYHORSPHQWLVGHOD\HG
DQGWKHERQ\KLSMRLQWZLOOQRWEHPHFKDQLFDOO\VDWLVIDFWRU\,QFDVHVRIKLSG\VSODVLD
LW LV WKHUHIRUH LPSRUWDQW WR UHGXFH WKH IHPRUDO KHDG DV VRRQ DV SRVVLEOH DQG WKH
UHGXFWLRQ PXVW EH PDLQWDLQHG WR SURYLGH WKH QRUPDO VWLPXOXV IRU DFHWDEXODU
GHYHORSPHQW


6.2.3 Definition and terminology 
+LS G\VSODVLD LQFOXGHV D ZLGH VSHFWUXP RI SDWKRORJ\ UDQJLQJ IURP RQO\ PLOG
UDGLRORJLFDOFKDQJHVZLWKRXWVXEMHFWLYHV\PSWRPVWRDGLVORFDWHGKLS MRLQWVKRZLQJ
VHYHUH UDGLRJUDSKLF GHIRUPLWLHV DQG GLVDEOLQJ DLOPHQWV IRU WKH SDWLHQW 7KH
WHUPLQRORJ\ RI KLS G\VSODVLD KDV FKDQJHG RYHU WLPH DQG YDULRXV WHUPV KDYH EHHQ
SURSRVHG DQG XVHG9DULDWLRQ LQ ERWK VHYHULW\ RI WKH GLVRUGHU DQG DJH DW GLDJQRVLV
PD\SDUWO\H[SODLQWKLVFRQFHSWXDOGLVVDWLVIDFWLRQDQGFRQIXVLRQ
,QWKHEHJLQQLQJRIWKHWK&HQWXU\WKHWHUPcongenital dislocation of the hip (CDH)
ZDV LQWURGXFHG DQG VRRQEHFDPHDQ DFFHSWHG WHUP UHIOHFWLQJ DOO NLQGVRIKLS MRLQW
LQVWDELOLW\DWELUWKRU ODWHU%XW WKHIDFWWKDWDG\VSODVWLFKLSRIWHQGRHVQRWGHYHORS
LQWR D GLVORFDWHG KLS DQG HYHQ ZKHQ GLVORFDWLRQ RFFXUV WKLV RIWHQ KDSSHQV SRVW
QDWDOO\ UHVXOWHG LQ D FKDQJH RI WKH WHUP WR developmental dysplasia of the hip 
(DDH) 7KH $PHULFDQ $FDGHP\ RI 2UWKRSHGLF 6XUJHRQV $$26 DQG 7KH
3HGLDWULF2UWKRSHGLF6RFLHW\RI1RUWK$PHULFD3261$KDYHDGYRFDWHGWKHXVHRI
''+DVWKHWHUPLQFOXGHVDOOFDVHVWKDWDUHFOHDUO\FRQJHQLWDODQGWKRVHWKDWWKDWDUH
GHYHORSPHQWDOLQFRUSRUDWLQJVXEOX[DWLRQGLVORFDWLRQDQGG\VSODVLDRIWKHKLS6RPH
DXWKRUV GLIIHUHQWLDWH EHWZHHQ WHUDWRORJLF DQG W\SLFDO GLVORFDWLRQ RI WKH KLS $
WHUDWRORJLF GLVORFDWLRQ LV DVVRFLDWHG ZLWK RWKHU PDOIRUPDWLRQV FKURPRVRPDO
DEQRUPDOLWLHV DQG QHXURPXVFXODU GLVRUGHUV $ W\SLFDO GLVORFDWLRQ RFFXUV LQ DQ
RWKHUZLVHKHDOWK\QHZERUQ
Hip dysplasiaLVDQRWKHUFRPPRQO\XVHGWHUPDOVRLQWKLVWKHVLVZKHUHLWLVGHILQHG 
DVLQFOXGLQJWKHVDPHDEQRUPDOLWLHVDVGHVFULEHGIRU''+EXWWKHKLSG\VSODVLDWHUP 
GRHV QRW KDYH WKH FKDOOHQJHV UHJDUGLQJ WLPH RI GLDJQRVLV Neonatal hip instability 
(NHI)LVXVHGIRUKLSMRLQWLQVWDELOLW\GHWHFWHGDWELUWK3DSHU,
,Q DGGLWLRQ WR WKH DOUHDG\ PHQWLRQHG WHUPV WKHUH DUH VRPH RWKHU FRPPRQO\ XVHG
GHILQLWLRQV )LJXUH  6RPH RI WKH WHUPV UHIHU WR WKHPRUSKRORJ\ RI WKH KLS DQG
RWKHUV WR WKH VWDELOLW\Acetabular dysplasia LVDPRUSKRORJLFDO WHUPDQGUHIHUV WRD
FRQGLWLRQZLWKVKDOORZDFHWDEXOXPZLWKDQLQFUHDVHGVORSHImmature hipLVXVHGWR
GHVFULEH D PRUSKRORJLFDO ERUGHUOLQH JURXS ZKHQ QHRQDWDO KLSV DUH H[DPLQHG ZLWK
 
XOWUDVRXQG6WDELOLW\WHUPVLQFOXGHGLVORFDWDEOHDQGVXEOX[DWDEOH$WRWDOO\dislocated 
hipUHIHUVWRWKHVLWXDWLRQLQZKLFKWKHZKROHIHPRUDOKHDGLVRXWVLGHWKHDFHWDEXOXP
LQ FRQWUDVW WR D subluxated hip ZKHUH WKH IHPRUDO KHDG LV SDUWLDOO\ RXWVLGH WKH
DFHWDEXOXP DQG WKXV WKH IHPRUDO KHDG LV SRRUO\ FRYHUHG E\ WKH DFHWDEXOXP ,Q D
subluxatable hip WKH KLS FDQ EH SXVKHG LQWR WKLV SRVLWLRQ LH SDUWO\ RXW RI WKH
DFHWDEXOXPXVXDOO\GXHWROLJDPHQWRXVOD[LW\,QDdislocatable hipWKHIHPRUDOKHDG
LV UHGXFHG DW UHVW LH ZLWKLQ WKH DFHWDEXOXP EXW FDQ EH GLVORFDWHG LQ VSHFLILF
SRVLWLRQV RU H[DPLQDWLRQ PDQRHXYUHV 7KLV LV WKXV D KLS ZLWK LQVWDELOLW\ ,Q D
reducible hip WKH KLS LV GLVORFDWHG DW UHVW EXW FDQ EH UHGXFHG LQWR WKH DFHWDEXOXP
ZLWKPDQLSXODWLRQ

6.2.4 Epidemiology 
7KHH[DFWSUHYDOHQFHRIKLSG\VSODVLDLVFRQWURYHUVLDODQGFRPSDULQJWKHOLWHUDWXUHLV
FKDOOHQJLQJ DV YDULDWLRQV LQ GHILQLWLRQV RI GLDJQRVLV PHWKRGV RI GLDJQRVLV DJH
JURXSV FOLQLFDO H[SHULHQFH RI WKH H[DPLQHU HWKQLFLW\ DQG JHRJUDSK\ DUH
LQWHUPLQJOHG )XUWKHUPRUH WKH UHVXOWV DUH DIIHFWHG E\ WKH SHULRG ZKHQ WKH VWXGLHV
ZHUHFRQGXFWHG%HIRUHWKHVWKHSUHYDOHQFHZDVHVWLPDWHGDUELWUDULO\IURPWKH
V WR WKH V WKH SUHYDOHQFH ZDV EDVHG RQ XQVWDEOH KLSV IURP WKH QHRQDWDO
FOLQLFDOH[DPLQDWLRQSOXVWKHDGGLWLRQRIODWHGLDJQRVHGSDWLHQWVDQGIURPWKHV
XOWUDVRXQGZDVLQWURGXFHGLQDGGLWLRQDOWRFOLQLFDOH[DPLQDWLRQ
   
Figure 3 The position of the femoral head to the acetabular cavity in a (A) normal, (B) 
dysplastic, (C) subluxated, and (D) dislocated hip. 
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$ UHYLHZ RI VWXGLHV IURP  XQVFUHHQHG SRSXODWLRQV RI SUHGRPLQDWHO\ QRUWKZHVW
(XURSHDQ DQFHVWU\ IRXQG WKH PHGLDQ ELUWK SUHYDOHQFH RI SHUVLVWHQW DQG FOLQLFDOO\
GLDJQRVHG KLS G\VSODVLD WR EH  SHU  UDQJH  %\ FRQWUDVW WKH
SUHYDOHQFHRIQHRQDWDOKLS LQVWDELOLW\DVFHUWDLQHGWKURXJKFOLQLFDOH[DPLQDWLRQZDV
KLJKHUUDQJLQJIURPWRSHU,QDPHWDDQDO\VLVRQWKHSUHYDOHQFH
RI''+ IRXQG WKH IROORZLQJ HVWLPDWHV  SHU  EDVHG RQ FOLQLFDO VFUHHQLQJ E\
SDHGLDWULFLDQSHUEDVHGRQVFUHHQLQJE\DQRUWKRSDHGLFVXUJHRQDQGSHU
RQXOWUDVRXQGVFUHHQLQJGLIIHUHQWWHFKQLTXHVXVHG,Q1RUZD\DERXW
RIDOOQHZERUQVDUHIRXQGWRKDYHXQVWDEOHKLSVDWELUWKDVVHVVHGE\2UWRODQL¶VDQGRU
%DUORZ¶VWHVW7KHFRUUHVSRQGLQJQXPEHUIRUKLSVH[DPLQHGZLWKXOWUDVRXQGLV
EHWZHHQDQG0RUHRYHULQDUHODWHGHWHFWHGKLSG\VSODVLDDJHDW
GLDJQRVLV!PRQWKLQ1RUZD\
7KH UHSRUWHG SUHYDOHQFH RI DGXOW KLS G\VSODVLD YDULHV WKURXJKRXW WKH OLWHUDWXUH
DFFRUGLQJ WR VH[ HWKQLFLW\ GLIIHUHQW UDGLRORJLFDOPHDVXUHPHQWVZLWK FRUUHVSRQGLQJ
FXWRII YDOXHV DQG GLIIHUHQW UDGLRORJLFDO PDWHULDO +RZHYHU PDQ\ VWXGLHV RQ
&DXFDVLDQV UHSRUW D KLS G\VSODVLD SUHYDOHQFH RI DSSUR[LPDWHO\  :LEHUJ¶V
FHQWUHHGJH DQJOH)HPDOHV KDYH DKLJKHUSUHYDOHQFH WKDQPDOHV DQG WKH
SUHYDOHQFHLVDOVRKLJKHULQWKH6DPLSRSXODWLRQ

6.2.5 Aetiology 
7KH FRPSOHWH DHWLRORJ\ IRU KLS G\VSODVLD LV XQNQRZQ EXW VHYHUDO ULVN IDFWRUV KDYH
EHHQLGHQWLILHG
Family history. $OWKRXJK QR JHQHV KDYH EHHQ LGHQWLILHG ZH NQRZ WKDW WKHUH LV D
JHQHWLF LQIOXHQFH DV VRPH IDPLOLHV DUH PRUH DIIHFWHG WKDQ RWKHUV 7ZR GLIIHUHQW
FRPSRQHQWVUHJDUGLQJWKHJHQHWLFPHFKDQLVPVLQKLSG\VSODVLDKDYHEHHQSURSRVHG
RQH UHODWHG WR WKH FRQQHFWLYH WLVVXH OD[LW\ DQG WKH RWKHU WR WKH VKDSH RI WKH
DFHWDEXOXP 7KH GHJUHH RI LQWHUDFWLRQ EHWZHHQ WKHVH WZR FRPSRQHQWV UHPDLQV
XQNQRZQ$SRO\JHQLFRUPRQRJHQLFDXWRVRPDOGRPLQDQWLQKHULWDQFHLVDVVXPHGIRU
 
FRQQHFWLYH WLVVXH OD[LW\ DQG WKH DFHWDEXODU FRPSRQHQW LV SUHVXPHG WR KDYH D
SRO\JHQLF LQKHULWDQFH ,QFUHDVHG FRQFRUGDQFH RI KLS G\VSODVLD LV IRXQG LQ
PRQR]\JRWLFFRPSDUHGWRGL]\JRWLFWZLQV$OWKRXJKPRQR]\JRWLFWZLQVDUHQRW
LQYDULDEO\ FRQFRUGDQW WKH\ DUH FRQFRUGDQW PXFK PRUH IUHTXHQWO\ WKDQ GL]\JRWLF
WZLQVLQGLFDWLQJDSDUWJHQHWLFDQGSDUWHQYLURQPHQWDODHWLRORJ\,QDVWXG\EDVHG
RQWKH1RUZHJLDQ7ZLQ5HJLVWU\WKHRGGVUDWLRIRUSUHYDOHQFHRIKLSG\VSODVLDZDV
UHSRUWHGWREHPXFKKLJKHUIRUPRWKHUV25WKDQIRUVLEOLQJV25IDWKHUV
25DQGRIIVSULQJ25ZKLFKVXJJHVWVDPDWHUQDOHIIHFW
Female gender.)HPDOHVDUHDIIHFWHGPRUHWKDQIRXUWLPHVDVRIWHQDVPDOHVDQG
D KRUPRQDO LQIOXHQFH KDV EHHQ SURSRVHG 5HOD[LQ LV D PDWHUQDO KRUPRQH ZKLFK
FRQWULEXWHVWROLJDPHQWRXVOD[LW\LQWKHPRWKHU¶VSHOYLVDQGWRQHRQDWDOOLJDPHQWRXV
OD[LW\ HVSHFLDOO\ LQ WKH IHPDOH IRHWXV 7KH KRUPRQH SDVVHV IUHHO\ WKURXJK WKH
SODFHQWDLQWRWKHQHZERUQDQGPD\LQFUHDVHWKHULVNRIKLSG\VSODVLD+RZHYHUD
VWXG\ IRXQG QR GLIIHUHQFH LQPHDQ UHOD[LQ FRQFHQWUDWLRQ EHWZHHQ FRUG EORRGV RI D
JURXS RI  QHZERUQV ZLWK KLS G\VSODVLD DQG D FRQWURO JURXS RI QRUPDO EDELHV
PDWFKHGE\VH[DQGJHVWDWLRQ%XWDVVXJJHVWHGE\WKHDXWKRUVWKHUHOD[LQUHFHSWRU
H[SUHVVLRQRIWKHGHYHORSLQJIRHWDOKLSMRLQWQHHGVWREHH[SORUHG$VWXG\RI
QHZERUQVUHSRUWHGDQLQVLJQLILFDQWGHFUHDVHRIUHOD[LQFRQFHQWUDWLRQVLQEDELHVZLWK
LQFUHDVHG VRQRJUDSKLF KLS LQVWDELOLW\ 2WKHU KRUPRQHV EHLQJ LQYHVWLJDWHG DUH
XULQDU\RHVWURJHQ VHUXPHVWUDGLRODQGVHUXPFRUGEORRG UHOD[LQ EXWZLWKRXWDQ\
FOHDUFXWFRQFOXVLRQV
Mechanical factors/limited foetal mobility. /DFN RI VSDFH LQ WKH XWHULQH FDYLW\
SUHGLVSRVHVIRUKLSG\VSODVLD7KLVLVVHHQLQEUHHFKSUHVHQWDWLRQILUVWWLPHPRWKHUV
SUREDEO\ GXH WR WKH XQVWUHWFKHG DEGRPLQDO PXVFOHV DQG GHFUHDVHG DPRXQW RI
DPQLRWLF IOXLG ,QFUHDVHGELUWKZHLJKW !J LV UHSRUWHGDVD ULVN IDFWRU LQ VRPH
VWXGLHVZKHUHDVRWKHUVDUHQRWDEOH WRFRQILUPWKHVHILQGLQJV$KLJKHUULVN LV
VHHQDPRQJFKLOGUHQZLWKRWKHUPDOIRUPDWLRQVLQWKHPXVFXORVNHOHWDOV\VWHPWKDWFDQ
EH UHODWHG WR DEQRUPDO SRVLWLRQLQJ DQGRU OLPLWHG IRHWDO PRELOLW\ LH PHWDWDUVXV
DGGXFWXVDQGFRQJHQLWDOPXVFXODUWRUWLFROOLV$QDVVRFLDWLRQZLWKFOXEIRRW
LV LQFRQVLVWHQW )XUWKHU EUHHFK SUHVHQWDWLRQ LVPRUH FRPPRQ LQ LQIDQWVZLWK KLS

G\VSODVLD WKDQ LQ WKH JHQHUDO SRSXODWLRQ  YHUVXV  &KDQ DQG FROOHDJXHV
IRXQGLQWKDWYDJLQDOO\GHOLYHUHGEUHHFKELUWKVKDGDVLJQLILFDQWO\KLJKHUULVNIRU
KLSG\VSODVLD25 WKDQEUHHFKELUWKVGHOLYHUHGE\&DHVDUHDQVHFWLRQ25
7KHVH ILQGLQJV DUH LQ FRQFRUGDQFH ZLWK RWKHUV HYHQ WKRXJK +LQGHUDNHU HW DO
 IRXQG QR VLJQLILFDQW GLIIHUHQFH LQ WKH RFFXUUHQFH RI KLS G\VSODVLD EDVHG RQ
PHWKRGRIGHOLYHU\XVLQJGDWDIURPWKH0HGLFDO%LUWK5HJLVWU\RI1RUZD\
3RVWQDWDO WUHDWPHQW DQG FDUH FDQ DOVR LQIOXHQFH WKH GHYHORSPHQW RI WKH KLS MRLQW
7LJKW VZDGGOLQJ KDV EHHQ SRSXODU LQ VRPH FXOWXUHV WR KHOS GHFUHDVH FU\LQJ DQG
SURPRWHXQLQWHUUXSWHGVOHHSLQQHRQDWHV+RZHYHUVZDGGOLQJKDVEHHQUHFRJQLVHGDV
D ULVN IDFWRU IRU KLS G\VSODVLD ,Q FHUWDLQ FXOWXUHV LQ ZKLFK VZDGGOLQJ KDV
EHHQHVSHFLDOO\SUHYDOHQW HJ&DQDGLDQ ,QGLDQ WULEHVDQG$PHULFDQ ,QGLDQV D
KLJKHU UDWH RI KLS G\VSODVLD LV VHHQ 7KH VDPH WKHRU\ KDV EHHQ SURSRVHG IRU WKH
1RUZHJLDQ6DPLSRSXODWLRQDV WKH\ WUDGLWLRQDOO\XVHGDVSHFLDOIRUPRIVZDGGOLQJ
ZLWKDKLJKHUSUHYDOHQFHRIKLSG\VSODVLDLQWKRVHDUHDV,Q-DSDQDSXEOLFKHDOWK
FDPSDLJQ WR DOWHU LQIDQW VZDGGOLQJ SUDFWLFHV ZDV LQLWLDWHG DQG UHVXOWHG LQ D
VXEVHTXHQW IDOO LQ WKHSUHYDOHQFHRIKLSG\VSODVLD7KH$PHULFDQ$FDGHP\RI
3HGLDWULFV &OLQLFDO 3UDFWLFH *XLGHOLQHV UHFRPPHQG DYRLGLQJ VZDGGOLQJ LI KLS
G\VSODVLD LV IRXQG EXW VWDWH WKDW LW LV SUREDEO\ VDIH LQ KLSV ZLWK D QRUPDO KLS
XOWUDVRXQG
7KHOHIWKLSLVWKUHHWLPHVPRUHFRPPRQO\DIIHFWHGWKDQWKHULJKWKLS7KLVLVGXH
WR WKH PDMRULW\ RI LQIDQWV EHLQJ LQ WKH OHIW RFFLSXW DQWHULRU SRVLWLRQ DW WKH WLPH RI
ELUWK,QWKLVSRVLWLRQWKHOHIWKLSOLHVSRVWHULRUO\DJDLQVWWKHPRWKHU¶VVSLQHZLWKOHIW
IHPXU DGGXFWHG ZKLFK PD\ SUHGLVSRVH WKH OHIW KLS WR D KLJKHU LQFLGHQFH RI KLS
G\VSODVLD
Other malformations. +LS G\VSODVLD RFFXUV PRVW FRPPRQO\ LQ RWKHUZLVH KHDOWK\
LQIDQWV EXW LV DVVRFLDWHG ZLWK FHUWDLQ FRQGLWLRQV 7HUDWRORJLF KLS G\VSODVLD LV
DVVRFLDWHG ZLWK YDULRXV V\QGURPHV HJ (KOHU 'DQORV V\QGURPH 'RZQ V\QGURPH
DQG DUWKURJU\SRVLV DQGQHXURPXVFXODUKLS G\VSODVLD RFFXUVZKHQ VSDVWLFLW\ LQ WKH
KLSPXVFOHVJURXSHJLQVSLQDELILGDDQGFHUHEUDOSDOV\SXOOVWKHIHPRUDOKHDGRXW
 
RIWKHDFHWDEXOXPUHVXOWLQJLQXQVDWLVIDFWRU\GHYHORSPHQWDQGDG\VSODVWLFKLSMRLQW
7KHGLDJQRVLVDQGPDQDJHPHQWRIWHUDWRORJLFDQGQHXURPXVFXODUKLSG\VSODVLDPD\
GLIIHUIURPZKHQKLSG\VSODVLDLVVHHQLQRWKHUZLVHKHDOWK\FKLOGUHQ
Seasonal variation.6RPHVWXGLHVKDYHUHSRUWHGDVHDVRQDOYDULDWLRQRIKLSG\VSODVLD
ZLWKDSHDNLQFLGHQFHLQDXWXPQDQGZLQWHUPRQWKV7KLVPD\EHGXHWRLQFUHDVHG
VZDGGOLQJRU WLJKW FORWKLQJ WRSURWHFW WKHEDE\ IURP WKH FROGHUZHDWKHU ,Q D VWXG\
IURP1RUZD\ &\YLQ IRXQG WKDW JLUOV VKRZHG D VLJQLILFDQW VHDVRQDO YDULDWLRQ ZLWK
SHDN LQFLGHQFH LQ6HSWHPEHU DQG2FWREHUZKHUHDV WKHUHZDVQR VHDVRQDOSHDN IRU
ER\V%MHUNUHLPREVHUYHGDVHDVRQDOYDULDWLRQLQODWHGLDJQRVLVRIKLSG\VSODVLDEXW
IRXQGQRVHDVRQDOYDULDWLRQLQ WKHQHRQDWDOJURXS2WKHUVWXGLHVKDYHKRZHYHUQRW
EHHQDEOHWRFRQILUPWKLVVHDVRQDOYDULDWLRQ
 Joint laxity. 6RPH VWXGLHV KDYH IRXQG LQFUHDVHG MRLQW OD[LW\ LQ SDWLHQWV ZLWK KLS
G\VSODVLD:\QQH'DYLHV DQG FROOHDJXHV IRXQG WKDW DKLJKHUSURSRUWLRQRI FKLOGUHQ
ZLWKKLSGLVORFDWLRQZHUHOD[MRLQWHGWKDQWKHFRQWUROSRSXODWLRQ)XUWKHUWKH\IRXQG
WKDWDKLJKHUSURSRUWLRQRIQHRQDWHVZLWKFRQJHQLWDOGLVORFDWLRQDQGWKHLUILUVWGHJUHH
UHODWLYHVKDGMRLQWOD[LW\WKDQWKHODWHGLDJQRVLVJURXS,QD-DSDQHVHVWXG\LWZDV
IRXQGWKDWIHPDOHDWKOHWHVZLWKDQDQWHULRUFUXFLDWHOLJDPHQWLQMXU\KDGDQLQFUHDVHG
SUHYDOHQFHRIDFHWDEXODUG\VSODVLDDQGJHQHUDOLVHGMRLQWOD[LW\

6.2.6 Natural history of hip dysplasia 
7KHQDWXUDOKLVWRU\RIKLSG\VSODVLDGHSHQGVRQDJHDWGLDJQRVLVDQGWKHVHYHULW\RI
WKH FRQGLWLRQ $ KLJK SURSRUWLRQ RI EDELHV GLDJQRVHG ZLWK KLS G\VSODVLD LQ WKH
QHZERUQ SHULRG ZLOO GHYHORS QRUPDO DQG VWDEOH KLS MRLQWV ZLWKRXW DQ\ WUHDWPHQW
2EVHUYDWLRQDOVWXGLHVKDYHUHSRUWHGKLJKUDWHVRIUHVROXWLRQZLWKRXWLQWHUYHQWLRQ
LQFOXGLQJ D UDQGRPLVHG VWXG\ WKDW VKRZHG WKDW PLOGO\ G\VSODVWLF EXW VWDEOH KLSV
QRUPDOLVHGVSRQWDQHRXVO\LQDURXQGKDOIRIWKHFDVHV%DUORZZKRVWXGLHGPRUH
WKDQQHZERUQVLQWKHSHULRGUHSRUWHGWKDWLQRIWKHFDVHVZLWK

GHWHFWHG OD[LW\ WKH KLSV UHFRYHUHG VSRQWDQHRXVO\ DIWHU  GD\V RI OLIH DQG 
VWDELOLVHGE\WZRPRQWKVRIDJH
$OWKRXJK PRVW PLOGO\ G\VSODVWLF DQGRU XQVWDEOH KLSV ZLOO UHFRYHU VSRQWDQHRXVO\
VRPH ZLOO UHPDLQ G\VSODVWLF DQG HYHQ XQVWDEOH $ IHZZLOO GHWHULRUDWH LQWR VHYHUH
G\VSODVLD ZLWK RU ZLWKRXW D VXEOX[DWHG RU GLVORFDWHG IHPRUDO KHDG +LSV WKDW DUH
VHYHUHO\ G\VSODVWLF DQG GLVORFDWHG DW ELUWK GR QRW WHQG WR UHGXFH VSRQWDQHRXVO\
+RZHYHUZKHWKHURUQRWFRPSOHWHO\QRUPDOKLSVLQWKHQHZERUQSHULRGFDQWXUQLQWR
G\VSODVWLF GLVORFDWHG KLSV LQ ODWHU LQIDQF\ LQ RWKHUZLVH QRUPDO FKLOGUHQ LV
FRQWURYHUVLDO
$ G\VSODVWLF KLS ZLWKRXW VXEOX[DWLRQ ZLOO RIWHQ UHPDLQ DV\PSWRPDWLF IRU PDQ\
\HDUV +RZHYHU WKH DOWHUHG PHFKDQLFDO FRQGLWLRQV SUHGLVSRVH IRU GHYHORSPHQW RI
RVWHRDUWKULWLVRIWKHKLSLQ\RXQJDGXOWDJHDQGZLOOSUHVHQWZLWKW\SLFDOV\PSWRPVRI
RVWHRDUWKULWLV :RPHQ ZLWK PRGHUDWH LQYROYHPHQW W\SLFDOO\ EHJLQ WR GHYHORS
V\PSWRPV LQ DVVRFLDWLRQ ZLWK WKHLU ILUVW RU VHFRQG SUHJQDQF\ PHQ D FRXSOH RI
GHFDGHVODWHU,QDKLSZLWKVXEOX[DWLRQWKHGHJHQHUDWLRQSURFHVVZLOOQRUPDOO\EHJLQ
DW DQ HDUOLHU VWDJH GHSHQGLQJ RQ WKH GHJUHH RI VXEOX[DWLRQ ,Q VLWXDWLRQV ZLWK D
FRPSOHWH GLVORFDWLRQ WKH V\PSWRPV GHSHQG RQ ZKHWKHU D IDOVH DFHWDEXOXP KDV
GHYHORSHGRUQRW,Q\RXQJFKLOGUHQSDLQLVXQFRPPRQEXWEHFRPHVPRUHVHYHUHDV
WKHFKLOGPDWXUHV$OLPSLVRIWHQVHHQDQGZHDNQHVVLQWKHKLSDEGXFWRUPXVFOHVPD\
UHVXOW LQ WKH FODVVLF7UHQGHOHQEXUJJDLW SDWWHUQ3DWLHQWVZLWK DELODWHUDO GLVORFDWLRQ
PD\FRPSODLQRIEDFNSDLQIURPDVHFRQGDU\K\SHUORUGRVLVRIWKHOXPEDUVSLQH.QHH
SDLQPD\EHVHHQGXHWRUHSHDWHGH[FHVVLYHYDOJXVVWUHVVDQGIURPLQFUHDVHGORDGRQ
WKHODWHUDOFRPSDUWPHQWRIWKHNQHH&RRSHUPDQDQGFROOHDJXHVVWXGLHGDGXOWV
KLSVZLWKKLSG\VSODVLDLQRUGHUWRGHWHUPLQHWKHQDWXUDOKLVWRU\RIWKHGLVRUGHU$W
\HDU IROORZ XS WKH PDMRULW\  KDG PRGHUDWH RVWHRDUWKULWLV LQ WKH DIIHFWHG
KLS

 

Figure 4 The stability of the hip examined by Ortolani’s manoeuvre. A positive sign 
indicates that a dislocated hip is reduced.   

Figure 5 Barlow’s manoeuvre is another test used to examine the stability of the hip. If 
the hip can be dislocated by manipulation, the test is positive.  

6.2.7 Diagnosis in newborns and infants 
)DPLO\ KLVWRU\ DQG FOLQLFDO IHDWXUHV DUH RI JUHDW LPSRUWDQFH LQ WKH GHWHFWLRQ RI
XQVWDEOH KLSV DQG KLS G\VSODVLD $ EDE\ SUHVHQWLQJ ZLWK D IDPLO\ KLVWRU\ RI KLS
G\VSODVLD RWKHU PDOIRUPDWLRQV LQ WKH PXVFXORVNHOHWDO V\VWHP DQGRU D EUHHFK
SRVLWLRQVKRXOGIRFXVWKHSK\VLFLDQRQKLSG\VSODVLD
Clinical examination 
$OOQHZERUQVVKRXOGEHH[DPLQHGFOLQLFDOO\LQRUGHUWRGHWHFWDQXQVWDEOHKLSDQGLWLV
UHFRPPHQGHG WKDW WKH H[DPLQDWLRQV FRQWLQXH XQWLO ZDONLQJ DJH $ G\VSODVWLF EXW
VWDEOHKLSUHYHDOVQRFOLQLFDOILQGLQJVLQWKHQHZERUQSHULRGDQGKDVWREHGHWHFWHGE\
XOWUDVRXQG 'LVORFDWHG DQG XQVWDEOH KLSV FDQ EH GHWHFWHG E\ FDUHIXO FOLQLFDO
H[DPLQDWLRQDQGWKHGLDJQRVLVLVFRQILUPHGE\XOWUDVRXQG

Hip instability.7KHVWDELOLW\RIWKHKLSMRLQWLVH[DPLQHGLQQHZERUQVE\2UWRODQL¶V
DQGRU %DUORZ¶V PDQRHXYUH )LJXUH  DQG )LJXUH  ,Q D QHZERUQ ZLWK KLS
LQVWDELOLW\ WKH WLJKW ILW EHWZHHQ WKH IHPRUDO KHDG DQG WKH DFHWDEXOXP LV ORVW ,W LV
WKHUHIRUHSRVVLEOHWRJOLGHWKHIHPRUDOKHDGLQDQGRXWRIWKHDFHWDEXODUFDYLW\7KLV
JLYHV D SDOSDEOH VHQVDWLRQ UHIHUUHG WR DV D SRVLWLYH 2UWRODQL WHVW ZKHQ WKH KLS LV
UHGXFHG ,Q D SRVLWLYH %DUORZ WHVW WKH IHPRUDO KHDG FDQ EH VXEOX[DWHG E\
PDQLSXODWLRQ7KHVSHFLILFLW\IRUGHWHFWLQJDQXQVWDEOHKLSE\FRPELQLQJWKHVHWHVWVLV
KLJK HVWLPDWHG WREH DSSUR[LPDWHO\7KH VHQVLWLYLW\ YDULHV GHSHQGLQJ
RQ WKH VNLOO RI WKH H[DPLQHU EXW H[SHULHQFHG KDQGV FDQ KDYH D VHQVLWLYLW\ UDQJLQJ
IURPWR
Range of motion. 5HGXFHG DEGXFWLRQ RI WKH KLS LQ D QHZERUQ EDE\ LV KLJKO\
VXVSLFLRXVRIKLSGLVORFDWLRQDQG WKLV LV WKHPRVW LPSRUWDQWH[DPLQDWLRQ LQFKLOGUHQ
ROGHUWKDQWKUHHPRQWKV)LJXUH$7KHEDE\LVH[DPLQHGLQVXSLQHSRVLWLRQZLWK
WKH SHOYLV LQ D QHXWUDO SRVLWLRQ 1RUPDOO\ ! DEGXFWLRQ LV VHHQ ZKHQ WKH KLS LV
IOH[HG  GHJUHHV $URXQG  KDYH ELODWHUDO G\VSODVLD ZKLFK PDNH WKH
GLDJQRVLVPRUHWURXEOHVRPHDVWKHDV\PPHWU\PLJKWEHPLVVLQJDQGWKHDEGXFWLRQLV
UHGXFHG LQ ERWK VLGHV +RZHYHU D WRWDO DEGXFWLRQ RI OHVV WKDQ  LQGLFDWHV D
SRVVLEOHELODWHUDOKLSGLVORFDWLRQ8QLODWHUDO UHGXFHGDEGXFWLRQFDQ DOVREHGHWHFWHG
ZLWKWKH³KHHOEXWWRFNWHVW´)LJXUH%,QDQRUPDOKLSWKHOLQHEHWZHHQWKHVROHRI
WKHIHHWDQGWKHJOXWHDOFOHIWLVFRQWLQXRXV,QWKHFDVHRIXQLODWHUDOUHGXFHGDEGXFWLRQ
WKLVOLQHLVLQWHUUXSWHGDQGWKHIHHWGHYLDWHWRWKHKHDOWK\VLGH
Figure 6 Six-month-old girl with hip dislocation in the right hip presented with (A) reduced 
abduction and (B) a positive heel-buttock test. 
A B
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Figure 7 Asymmetric skin folds in a six-month-old girl with hip dislocation in the right hip 
(A) and leg length discrepancy illustrated with a positive Galeazzi sign (B).  
BA
Asymmetry $QRWKHUVLJQLQGLFDWLQJDGLVORFDWHGKLSFDQEHDV\PPHWULFVNLQIROGV
ZKLFK ZRXOG UHIOHFW D XQLODWHUDO GLVORFDWLRQ RI WKH KLS )LJXUH $ +RZHYHU
DV\PPHWULFVNLQIROGVDUHDOVRVHHQLQRIFKLOGUHQZLWKQRUPDOKLSV/HJOHQJWK
GLVFUHSDQF\ PD\ DOVR LQGLFDWH D GLVORFDWHG KLS 7KLV ILQGLQJ PD\ EH HYLGHQW E\
*DOHD]]LWHVWDOVRFDOOHGWKH$OOLVRU3HUNLQVWHVWSHUIRUPHGZLWKWKHLQIDQWVXSLQH
KLSVIOH[HGWRGHJUHHVDQGNQHHVIOH[HG)LJXUH%$ORZHUNQHHOHYHOLQRQHOHJ
LQGLFDWHVDSRVLWLYH*DOHD]]LVLJQ7KHWHVWLVQRWVSHFLILFIRUKLSG\VSODVLDDQGRWKHU
FDXVHV RI FRQJHQLWDO IHPRUDO OHQJWK GLVFUHSDQF\ PXVW DOVR EH FRQVLGHUHG HJ
KHPLK\SHUWURSK\IHPRUDOK\SRSODVLDFR[DYDUD
Gait.$IWHUZDONLQJDJHDSSUR[LPDWHO\\HDUDFKLOGZLWKDWRWDOO\GLVORFDWHGKLS
ZLOORIWHQOLPS7KLVPD\EHVHHQ LQERWKDXQLODWHUDODQGELODWHUDOGLVORFDWLRQ,QD
XQLODWHUDOGLVORFDWLRQWKHJDLWDV\PPHWU\LVXVXDOO\FDXVHGE\OHJOHQJWKGLVFUHSDQF\
UHVXOWLQJLQJDLWFKDQJHVDQGRIWHQWRHZDONLQJRQWKHDIIHFWHGVLGH&KLOGUHQDIIHFWHG
ELODWHUDOO\PLJKW EH GLIILFXOW WR LGHQWLI\ DV DV\PPHWU\ LV ODFNLQJ EXW K\SHUORUGRVLV
DQG DZDGGOLQJ7UHQGHOHQEXUJ JDLW DUH FODVVLF ILQGLQJV 7KH7UHQGHOHQEXUJ VLJQ LV
SRVLWLYH EHFDXVH WKH VXSHULRUO\ GLVORFDWHG KLS PHFKDQLFDOO\ VKRUWHQV WKH DEGXFWRU

Figure 8 Ultrasound examination of the hips of 
a newborn. 
PXVFOHV DQG FRQVHTXHQWO\ GHFUHDVHV WKH PXVFOH VWUHQJWK 7KHVH FKLOGUHQ PD\ DOVR
SUHVHQWZLWKZLGHQLQJRIWKHSHULQHXPV\PPHWULFOLPLWHGDEGXFWLRQDQGVKRUWWKLJK
VHJPHQWVUHODWLYHWRWKHFKLOG¶VVL]H
Ultrasonography 
8OWUDVRQRJUDSK\ LV DQ LPSRUWDQW VXSSOHPHQW WR FOLQLFDO HYDOXDWLRQ DQG DQ
LQFUHDVLQJO\SRSXODUPHWKRGVLQFHWKHODWHHLJKWLHV)LJXUH7KHQHZERUQKLSMRLQW
FRQVLVWV RI D ODUJH SURSRUWLRQ RI FDUWLODJH DQG LV WKHUHIRUH EHWWHU YLVXDOLVHG E\
XOWUDVRXQG WKDQ E\ UDGLRJUDSKV8OWUDVRXQGZDYHV DUH UHIOHFWHG E\ ERQ\ VWUXFWXUHV
EXWQRWE\FDUWLODJHDQGLWLVWKHUHIRUHSRVVLEOHWRJHWDQRYHUYLHZRIERWKWKHIHPRUDO
KHDG DQG WKH DFHWDEXOXP ZLWKRXW H[SRVLQJ WKH FKLOG WR LRQLVLQJ UDGLDWLRQ
8OWUDVRQRJUDSK\ LV D GHPDQGLQJ H[DPLQDWLRQ DQG DFFXUDWH LQWHUSUHWDWLRQ UHTXLUHV
WUDLQLQJ DQG H[SHULHQFH +RZHYHU SHUIRUPHG E\ WUDLQHG REVHUYHUV
XOWUDVRQRJUDSK\ LV KHOSIXO LQ FRQILUPLQJ ILQGLQJV IURP WKH FOLQLFDO H[DPLQDWLRQ
HYDOXDWLQJSDWLHQWVZLWK ULVN IDFWRUVDQGPDNLQJ WUHDWPHQWGHFLVLRQV$QXOWUDVRXQG
H[DPLQDWLRQLQFOXGHVDVWDWLFDQGRU
D G\QDPLF HYDOXDWLRQ RI WKH KLS
6WDWLFXOWUDVRXQGLPDJHVDUHXVHGWR
DVVHVV WKH PRUSKRORJ\ RI WKH
ODUJHO\ FDUWLODJLQRXV KLS MRLQW
GHVFULELQJ WKH DFHWDEXODU
LQFOLQDWLRQ WKH GHSWK RI WKH
DFHWDEXOXP DQG WKH ORFDWLRQ RI WKH
IHPRUDO KHDG DW UHVW 7KH G\QDPLF
DVVHVVPHQW REWDLQHG GXULQJ D
PRGLILHG %DUORZ¶V WHVW LV XVHG WR
GHWHUPLQH KLS VWDELOLW\ 7KHUH LV D
VWURQJ DVVRFLDWLRQ EHWZHHQ KLS
PRUSKRORJ\ DQG VWDELOLW\ EXW
PRUSKRORJLFDOO\ QRUPDO KLSV PD\
EH XQVWDEOH DQG YLFH YHUVD
 
'LIIHUHQW XOWUDVRXQG WHFKQLTXHV KDYH EHHQ GHVFULEHG DQG D FRPELQHG WHFKQLTXH
DVVHVVLQJ ERWK DFHWDEXODU PRUSKRORJ\ DQG KLS VWDELOLW\ LV DGYLVHG 'U *UDI
VWDUWHGKLVVWXGLHVRQKLSXOWUDVRXQGLQDQGGHVFULEHGWKHVWDQGDUGFRURQDOYLHZ
WKURXJKWKHFHQWUHRIWKHDFHWDEXOXP%DVHGRQWZRDQJOHVWKHDFHWDEXODULQFOLQDWLRQ
DQJOHĮDQGWKHFDUWLODJHURRIDQJOHKHFODVVLILHGWKHKLSVLQWRIRXUPDLQJURXSV
)LJXUH  +RZHYHU *UDI¶V FODVVLILFDWLRQ LV EDVHG RQ ERWK PRUSKRORJ\ DQG
VWDELOLW\DQGLVWKXVUDWKHULPSUHFLVH)XUWKHUPRUHWKHLQGLFDWLRQVDQGWKUHVKROGVIRU
WUHDWPHQWUHPDLQFRQWURYHUVLDO$OWHUQDWLYHWHFKQLTXHVKDYHEHHQHVWDEOLVKHGVXFKDV
5RVHQGDKO¶V PHWKRG E\ ZKLFK KLS PRUSKRORJ\ DQG VWDELOLW\ DUH DVVHVVHG
VHSDUDWHO\ 7DEOH  +DUFNH DQG 1RYLFN KDYH ERWK UHSRUWHG RQ G\QDPLF
PXOWLSODQDU DSSURDFKHV WKDW IRFXV RQ KLS VWDELOLW\ DQG WKH SRVLWLRQ RI WKH IHPRUDO
KHDG UHODWLYH WR WKH DFHWDEXOXP 7KH KLS LV DFFRUGLQJO\ FODVVLILHG DV QRUPDO
VXEOX[DWHG RU GLVORFDWHG $Q DOWHUQDWLYH WHFKQLTXH ZDV SURSRVHG E\ 0RULQ IRU
DVVHVVPHQWRIWKHIHPRUDOKHDGFRYHUDJH7KLVPHWKRGKDVEHHQVOLJKWO\PRGLILHG
E\'U7HUMHVHQ

Figure 9 The coronal standard view through the centre of the acetabulum, 
showing the bony acetabulum, the bony rim and the cartilage roof triangle (A). 
The alpha (Į) and beta (ß) angles are illustrated in B. The baseline passes 
through the plane of the ileum. The acetabular roof line runs along the plane of 
the bony acetabular convexity and the cartilaginous roof line (inclination line) 
passes from the lateral end of the acetabulum to the labrum, parallel to the 
cartilaginous roof.  
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Radiographs 
)URP  PRQWKV RI DJH WKH QXFOHXV RI WKH IHPRUDO KHDG EHFRPHV YLVLEOH LQ
UDGLRJUDSKVDQGWKLVEHFRPHVDPRUHYDOXDEOHH[DPLQDWLRQPHWKRG$G\VSODVWLFKLS
SUHVHQWV ZLWK D VKDOORZ DFHWDEXOXP DQG LQ VHYHUH FDVHV WKH IHPRUDO KHDG LV
VXEOX[DWHG'LIIHUHQWUDGLRJUDSKLFPHDVXUHPHQWVDUHXVHGWRHYDOXDWHWKHG\VSODVWLF
KLS2QHRIWKHPRUHFRPPRQLVWKHDFHWDEXODULQGH[$QLQFUHDVHGDFHWDEXODULQGH[
PHDQ6'LQGLFDWHVDG\VSODVWLFDFHWDEXOXPEXWWKHDQJOHGHFUHDVHVZLWKDJHVR
WKH FXWRII YDOXHV DUH DJHVSHFLILF $ GHOD\HG DSSHDUDQFH RI WKH IHPRUDO RVVLILF
QXFOHXV RQ WKH DIIHFWHG VLGH RU GLVVLPLODU VL]HV RI WKH QXFOHL DOVR LQGLFDWHV D
G\VSODVWLFKLS%DVHGRQWKHUDGLRJUDSKWKHKLSVFDQEHFODVVLILHGDVHLWKHUQRUPDO
Table 1 Morphological classification of newborn hips assessed by ultrasound192. 
Rosendahl’s modification of Graf’s method92.  
Type Description
Normal Normal hip. A well-modelled bony acetabular roof with a 
sharp lateral edge and a narrow cartilaginous rim.  
The alpha angle 60˚ 
Immature Adequately formed bony acetabular roof with a rounded 
lateral margin and a wide cartilaginous rim, i.e. a 
physiological retardation of the acetabular rim.  
The alpha angle 50-59˚ (50˚≤α<60˚) 
Dysplastic Mild: Deficiently formed bony acetabular roof with a 
rounded to flattened lateral margin and a wide 
cartilaginous rim, i.e. a maturational deficit.  
The alpha angle between 43˚ and 50˚ (43˚≤α<50˚). 
Corresponds to Graf type IIc 
Severe: Poorly formed bony acetabular roof with a 
flattened lateral margin and a wide cartilaginous rim. 
The alpha angle <43˚ 
 
 DFHWDEXODU G\VSODVLD ZLWKRXW VXEOX[DWLRQ  VXEOX[DWHG ZLWK DVVRFLDWHG
DFHWDEXODUG\VSODVLDRUGLVORFDWHG
CT/MRI 
&7 DQG 05, DUH XVHG RQ VSHFLDO RFFDVLRQV EXW GR QRW IRUP SDUW RI WKH QRUPDO
VFUHHQLQJIRUKLSG\VSODVLD

6.2.8 Diagnosis in adolescents and adults 
$OWKRXJKPRVWSDWLHQWVDUHGLDJQRVHGGXULQJWKHQHZERUQSHULRGRUHDUO\FKLOGKRRG
VRPHKDYHWKHLUGLDJQRVLVDIWHUVNHOHWDOPDWXULW\SDUWLFXODUO\WKRVHZLWKDFHWDEXODU
G\VSODVLD RQO\ 6XEMHFWLYH V\PSWRPV VXFK DV SDLQGLVFRPIRUW OLPS DQGRU UHGXFHG
UDQJH RI PRWLRQ DUH RIWHQ SUHVHQW DW GLDJQRVLV EXW VRPHWLPHV WKH G\VSODVLD LV
GLDJQRVHG LQFLGHQWDOO\ RQ WKH EDVLV RI UDGLRJUDSKV WDNHQ IRU RWKHU UHDVRQV HJ
DEGRPLQDOUDGLRJUDSKVZKHUHWKHKLSVDUHDOVRYLVLEOH
Clinical examination 
$ JRRG FOLQLFDO H[DPLQDWLRQ LV LPSRUWDQW ERWK WR GLDJQRVH DQG WR PRQLWRU WKH
FRQGLWLRQ7KHILUVWVLJQVRIKLSG\VSODVLDLQ\RXQJDGXOWVDUHW\SLFDOO\KLSJURLQSDLQ
UHGXFHGUDQJHRIPRWLRQDQGRUD OLPS ,Q UDUHFDVHVFOLFNLQJDQGSRSSLQJPD\EH
SUHVHQWLQJ VLJQV ,W LV LPSRUWDQW WRQRWH WKDW WKHVH V\PSWRPVFDQDOVREHFDXVHGE\
PDQ\RWKHUKLSGLVRUGHUV,QLWLDOO\WKHV\PSWRPVPD\RQO\DSSHDUDIWHUVSRUWRURWKHU
SK\VLFDO DFWLYLW\ EXW DV WKH V\PSWRPV SURJUHVV WKH\ PD\ DIIHFW D SHUVRQ¶V ZRUN
FKLOGFDUH WUDYHO HWF 7KH RQVHW RI SDLQ PD\ EH LQVLGLRXV RU VWDUW DFXWHO\ DIWHU D
SHULRG ZLWK LQFUHDVHG DFWLYLW\ 3UHJQDQF\ DQG ZHLJKW JDLQ PD\ DOVR FDXVH D
G\VSODVWLFKLSWRGHWHULRUDWH
Range of motion. 7KHUDQJHRIPRWLRQRIERWKKLSVVKRXOGEHH[DPLQHG$G\VSODVWLF
KLSZLOO W\SLFDOO\ HQWDLO UHGXFHG DEGXFWLRQ RI WKH G\VSODVWLF MRLQW %XW WKH SK\VLFDO
H[DPLQDWLRQPD\DOVREHQRUPDORUZLWKVRPHGLVFRPIRUWDWWKHH[WUHPHVRIUDQJHV
RIPRWLRQSDUWLFXODUO\DEGXFWLRQDQGLQWHUQDOURWDWLRQ

Table 2 Different classification systems of hip dysplasia at skeletal maturity 
Grade Crowe’s 
classification 
Severin’s 
classification 
Hartofilakidis’ 
classification 
I Less than 50% 
subluxation 
Normal appearance Dysplasia 
II 50-75% subluxation Mild deformity Low dislocation 
III 75-100% subluxation Dysplasia or moderate 
deformity of femoral 
head/neck or 
acetabulum.  
Wiberg’s CE 
angle>20˚ 
High dislocation 
IV More than 100% 
subluxation 
Subluxation 
V  False acetabulum  
VI Redislocation 

Radiological examination 
7KH SDWLHQW¶V KLVWRU\ DQG FOLQLFDO ILQGLQJV PD\ LQGLFDWH KLS G\VSODVLD EXW D
UDGLRORJLFDO H[DPLQDWLRQ LV QHFHVVDU\ WR FRQILUP WKH VXVSLFLRQ 3ODLQ SHOYLF
UDGLRJUDSK LV WKH VWDQGDUG SURFHGXUH EXW VRPHWLPHV 05, FRXOG EH RI LQWHUHVW WR
YLVXDOLVHWKHFDUWLODJHDQGWHQGRQV6HYHUDOFODVVLILFDWLRQV\VWHPVKDYHEHHQSURSRVHG
WRFODVVLI\KLSG\VSODVLD7DEOH&URZH¶VFODVVLILFDWLRQRIKLSG\VSODVLDLVXVHGWR
FODVVLI\WKHVHYHULW\LQDGXOWVDQGLVEDVHGRQWKHH[WHQWRISUR[LPDOPLJUDWLRQRIWKH
IHPRUDO KHDG ,Q RUGHU WR FDOFXODWH WKH PLJUDWLRQ SHUFHQWDJH WKH KHLJKW RI WKH
IHPRUDO KHDG LV ILUVW PHDVXUHG ,I WKH KHDG LV GHIRUPHG  RI WKH WRWDO SHOYLF
YHUWLFDOKHLJKWLVXVHGDVDQHVWLPDWLRQRIWKHIHPRUDOKHDGKHLJKW1H[WWKHYHUWLFDO
GLVWDQFH IURP WKH LQWHUWHDUGURS OLQH WR WKH LQIHURPHGLDO KHDGQHFN MXQFWLRQ LV
PHDVXUHG)LQDOO\ WKLVGLVWDQFH LVGLYLGHGE\ WKHKHLJKWRI WKH IHPRUDOKHDG6R LI
WKH KHDG LV  PP DQG KDV PLJUDWHG  PP SUR[LPDOO\ WKH PLJUDWLRQ LV 
$QRWKHU FODVVLILFDWLRQ V\VWHP LV6HYHULQ¶V FODVVLILFDWLRQZKLFK FODVVLILHV WKH KLSV
 

Figure 10 The Frejka pillow is the standard treatment for newborns with hip dysplasia in 
Norway. The pillow is easy to remove and of little strain for the baby.  
RQ WKH EDVLV RI DFHWDEXODU GHSWK DQG IHPRUDO KHDG ORFDWLRQ DW VNHOHWDO PDWXULW\
+DUWRILODNLGLV KDV DOVR SURSRVHG D VFRULQJ V\VWHP DVVHVVLQJ WKH DFHWDEXODU
DEQRUPDOLW\DQGFODVVLI\LQJWKHKLSVLQWRWKUHHJURXSV

6.2.9 Treatment options 
$OO WUHDWPHQW RSWLRQV DLP WR NHHS WKH IHPRUDO KHDG ORFDWHG LQ WKH DFHWDEXOXP LQ
RUGHUWRVHFXUHDQRUPDOGHYHORSPHQWRIWKHKLSMRLQW6WDUWLQJWUHDWPHQWHDUO\OHDGV
WR D EHWWHU DQG PRUH VHFXUH RXWFRPH 0RVW KLS MRLQWV ZLOO GHYHORS QRUPDOO\ LI
WUHDWPHQW LV LQLWLDWHG EHIRUH  PRQWKV RI DJH $ GLDJQRVLV DIWHU ZDONLQJ DJH
UHTXLUHV PRUH DGYDQFHG WUHDWPHQW DQG PD\ KDYH D SRRUHU RXWFRPH ,Q WKH ILUVW
PRQWKV RI OLIH ZHHNV RI WUHDWPHQW ZLOO FRUUHVSRQG WR PRQWKV RI WUHDWPHQW IRU
WRGGOHUV7KHWUHDWPHQWRSWLRQVGLIIHUGHSHQGLQJRQWKHVHYHULW\RIWKHFRQGLWLRQDQG
WKHDJHRIWKHSDWLHQWDWGLDJQRVLV
7KH)UHMNDSLOORZLVWKHVWDQGDUGWUHDWPHQWLQ1RUZD\IRUKLSLQVWDELOLW\LQQHZERUQV

 
Figure 11 Preoperative traction treatment for 
a girl with a dislocated hip that was not 
reducible.  
)LJXUH7KLVSLOORZFRPHVLQGLIIHUHQWVL]HVDQGIDFLOLWDWHVIOH[LRQDQGDEGXFWLRQ
RIERWKKLSMRLQWV7KHSLOORZVKRXOGEHXVHGDOOGD\KRXUVSHUGD\DQGLVRQO\
UHPRYHG GXULQJ EDWKLQJ RU QDSS\ FKDQJLQJ 7KH VWDQGDUG WUHDWPHQW WLPH LV 
ZHHNVGHSHQGLQJRQWKHDJHRIWKHFKLOGEXWLVSURORQJHGLIQRVDWLVIDFWRU\UHVXOWLV
DFKLHYHG 1RUZD\ LV RQH RI WKH IHZ FRXQWULHV ZKHUH WKH )UHMND SLOORZ LV XVHG
:RUOGZLGHWKH3DYOLNKDUQHVVLVPRUHSRSXODUZKLOHWKHYRQ5RVHQVSOLQWLVXVHGLQ
6ZHGHQ 7KH HIILFLHQF\ RI WKH )UHMND SLOORZ KDV EHHQ TXHVWLRQHG EXW IDYRXUDEOH
UHVXOWV UHJDUGLQJ WUHDWPHQW HIILFLHQF\ DQG FRPSOLFDWLRQ UDWH KDYH EHHQ SURYHQ LQ
1RUZHJLDQVWXGLHV
,I WKH FRQGLWLRQ LV GLDJQRVHG DIWHU  PRQWKV RI DJH DQG WKH DEGXFWLRQ LV RQO\
PRGHUDWHO\ UHGXFHG ! DQ RUWKRVLV LV WKH SUHIHUUHG WUHDWPHQW ,Q KLSV ZLWK
DEGXFWLRQSUHRSHUDWLYHWUDFWLRQDQGUHGXFWLRQXQGHUJHQHUDODQDHVWKHVLDPD\EH
QHHGHGIROORZHGE\DKLSVSLFDFDVW
)LJXUH  	 )LJXUH  2IWHQ
RSHQ UHGXFWLRQ PLJKW EH QHFHVVDU\
IRU WKHVH KLSV )RU FKLOGUHQ PRUH
WKDQPRQWKVDWGLDJQRVLVVXUJLFDO
SURFHGXUHV DUH XVXDOO\ QHHGHG
3DWLHQWVZLWKKLSG\VSODVLDVKRXOGEH
IROORZHG XS LQ WKH RXWSDWLHQW FOLQLF
XQWLOWKHKLSMRLQWVKDYHGHYHORSHG
QRUPDOO\RUDWVNHOHWDOO\PDWXUHDJH
7KH WUHDWPHQW LV PRUH WURXEOHVRPH
DQG SURORQJHG ZLWK LQFUHDVLQJ DJH
DQG WKH ORQJWHUP UHVXOWV DUH DOVR
PRUH XQFHUWDLQ WKDQ ZLWK WUHDWPHQW
DW DQ HDUOLHU DJH 7KH JRDO RI
WUHDWPHQWRIKLSG\VSODVLDLVWRKDYH
D KLS DV DQDWRPLFDOO\ QRUPDO DV
SRVVLEOH E\ VNHOHWDO PDWXULW\
 

Figure 12 Hip spica cast for a girl with hip dislocation in the right hip. 
8QIRUWXQDWHO\ WKLV LV QRW DOZD\V DFKLHYDEOH ZLWK RQO\ QRQRSHUDWLYH WUHDWPHQW
6WXGLHV KDYH VKRZQ WKDW VXUJHU\ LV QHHGHG E\ XS WR  RI LQIDQWV WUHDWHG ZLWK
DEGXFWLRQ WUHDWPHQW 2VWHRWRPLHV DUH QHHGHG LQ FDVHV ZKHUH WKH DFHWDEXOXP LV
VORSLQJ DQG WKH FRYHUDJH RI WKH IHPRUDO KHDG LV SRRU 7KH RVWHRWRPLHV FDQ EH
SHUIRUPHGDWWKHSHOYLFDQGRUWKHIHPRUDOVLGH$SHOYLFRVWHRWRP\DLPVWRLPSURYH
WKHVRFNHW7KHUHDUHVHYHUDOGLIIHUHQWW\SHVRISHOYLFRVWHRWRPLHVLH6DOWHU'HJD
3HPEHUWRQ DQG WKHLU XVH GHSHQGV RQ WKH VKDSH RI WKH DFHWDEXOXP ,Q D 6DOWHU
LQQRPLQDWHRVWHRWRP\WKHSHOYLFERQHLVFXWDQGWKHHQWLUHDFHWDEXOXPLVURWDWHGLQWR
D EHWWHU SRVLWLRQ RQ WRS RI WKH IHPRUDO KHDG XVLQJ WKH V\PSK\VLV DV D KLQJH 7KLV
SURFHGXUHLVRIWHQXVHGZKHQWKHDFHWDEXOXPLVURXQGEXWQRWZHOOSODFHGRQWKHWRS
RI WKH IHPRUDOKHDG7KLVVLWXDWLRQ LVPRUHFRPPRQO\ VHHQZKHQWKHKLSKDVQHYHU
EHHQORFDWHGLQWKHDFHWDEXOXPDQGWKHODWHUDOHGJHRIWKHVRFNHWLVLQWDFW7KH'HJD
RVWHRWRP\KLQJHVWKHURRIRIWKHDFHWDEXOXPGRZQRYHUWKHIHPRUDOKHDGDQGLVXVHG
ZKHQWKHDFHWDEXOXPLVWRRZLGHDQGVKDOORZ7KH3HPEHUWRQRVWHRWRP\LVVLPLODU
RQO\GLIIHULQJLQDVOLJKWO\GLIIHUHQWILQDORULHQWDWLRQRIWKHDFHWDEXOXP,QDSUR[LPDO
IHPRUDOYDUXVRVWHRWRP\ WKH IHPRUDOKHDG LV WLSSHG LQWR WKHVRFNHW UHGLUHFWLQJ WKH
VWUHVVIRUFHVWRZDUGWKHPLGGOHRIWKHDFHWDEXOXPLQVWHDGWRZDUGWKHODWHUDOHGJH


Figure 13 Radiograph of a 32-year-old female with a total hip replacement 
on the left side due to hip dysplasia.  
,Q\RXQJDGXOWVZLWKUHVLGXDOKLSG\VSODVLDDSHULDFHWDEXODURVWHRWRP\3$2LVDQ
RSWLRQ LQ ZKLFK WKH DFHWDEXOXP LV FRPSOHWHO\ UHRULHQWDWHG UHODWLYH WR WKH IHPRUDO
KHDG 7KLV RVWHRWRP\ LV DOVR FDOOHG *DQ] RU %HUQHVH RVWHRWRP\ EHFDXVH LW ZDV
GHYHORSHGE\3URIHVVRU*DQ]LQ%HUQH6ZLW]HUODQG7KHSURFHGXUHLQYROYHVFXWWLQJ
WKH SHOYLV DURXQG WKH DFHWDEXOXP DQG UHRULHQWDWLQJ WKH DFHWDEXOXP LQWR D EHWWHU
SRVLWLRQ -RLQW UHSODFHPHQW VXUJHU\ LV DQRWKHU RSWLRQ IRU VHYHUH KLS G\VSODVLD LQ
DGXOWV 7RWDO KLS UHSODFHPHQW DQG KLS UHVXUIDFLQJ KDYH EHHQ XVHG XQWLO UHFHQWO\
)LJXUH  7KH UHVXOWV RI WRWDO KLS UHSODFHPHQWV DIWHU KLS G\VSODVLD DUH JHQHUDOO\
JRRG ,Q KLS UHVXUIDFLQJ D PHWDO FXS LV SODFHG RYHU WKH IHPRUDO KHDG ZKLOH D
PDWFKLQJPHWDOFXSLVSODFHGLQWKHDFHWDEXOXPEXWGXHWRSRRUFOLQLFDOUHVXOWVWKLV
PHWKRGKDVQRZEHHQDERXQGHG
 
6.3 OSTEOARTHRITIS OF THE HIP 
2VWHRDUWKULWLV2$RIWKHKLSLVDFRQGLWLRQFDXVHGE\GHJHQHUDWLRQRIWKHFDUWLODJH
RI WKH MRLQW DQG LV EHOLHYHG WR EH WKH PRVW SUHYDOHQW FKURQLF MRLQW GLVHDVH 7KH
SUHYDOHQFH LQFUHDVHV ZLWK DJH EXW WKH SUHYLRXV FRQFHSWLRQ WKDW 2$ZDV D QRUPDO
FRQVHTXHQFH RI DJLQJ KDV EHHQ GLVSURYHQ 7KH FDXVH LV PXOWLIDFWRULDO LQFOXGLQJ
JHQHWLF SUHGLVSRVLWLRQ MRLQW LQWHJULW\ PHFKDQLFDO IRUFHV ORFDO LQIODPPDWLRQ DQG
FHOOXODU DQG ELRPHFKDQLFDO SURFHVVHV $ FRPELQDWLRQ RI WKHVH IDFWRUV UHVXOWV LQ
FDUWLODJHORVVDQGERQ\FKDQJHV
2$FDQEHFODVVLILHGDVHLWKHU LGLRSDWKLFRUVHFRQGDU\ ,QDVHFRQGDU\2$VSHFLILF
FRQGLWLRQV FDXVH RU HQKDQFH WKH ULVN IRU GHYHORSLQJ 2$ 6XFK ULVN IDFWRUV DUH
IUDFWXUHV DIIHFWLQJ WKH MRLQW FKLOGKRRG KLS GLVHDVHV HJ KLS G\VSODVLD 3HUWKHV¶
GLVHDVH RU VOLSSHG FDSLWDO IHPRUDO HSLSK\VLV DQG LQIODPPDWRU\ MRLQW FRQGLWLRQV
UKHXPDWRLGDUWKULWLVDQGDQN\ORVLQJVSRQG\OLWLV0RUEXV%HFKWHUHZ$JHLVDQRWKHU
ULVNIDFWRUIRU2$$FFRUGLQJWRD'DQLVKVWXG\KLS2$ZDVIRXQGLQRIWKH
SRSXODWLRQ EHORZ  \HDUV RI DJH DQG LQ  RI WKH SRSXODWLRQ RI  \HDUV RU
PRUH)HPDOHV DUHPRUHFRPPRQO\RSHUDWHGZLWK D WRWDOKLS UHSODFHPHQWZKLFK
LQGLFDWHVWKDWWKHIHPDOHVH[LVDQRWKHUULVNIDFWRU7KHUHDVRQIRUWKLVLVXQFOHDUEXW
LWLVSUREDEO\SDUWO\UHODWHGWRKRUPRQHVDQGJHQHWLFV)XUWKHU REHVLW\LVEHOLHYHGWR
LQFUHDVH WKH ULVN IRU 2$ EXW OHVV FRQVLVWHQW GDWD KDV EHHQ UHSRUWHG RQ WKH
UHODWLRQVKLSEHWZHHQKLS2$DQGREHVLW\WKDQEHWZHHQNQHHKDQG2$DQGREHVLW\
7KHVHYHULW\RIWKH2$FDQEHFODVVLILHGDFFRUGLQJWRGLIIHUHQWFODVVLILFDWLRQV\VWHPV
7KUHH ZHOONQRZQ V\VWHPV DUH WKH 7|QQLV &ODVVLILFDWLRQ RI 2VWHRDUWKULWLV E\
UDGLRJUDSKLF FKDQJHV WKH .HOOJUHQ/DZUHQFH VFDOH DQG WKH &URIW
FODVVLILFDWLRQ7DEOH
7KH WUHDWPHQW RSWLRQV IRU KLS RVWHRDUWKULWLV GHSHQGRQ WKH SDWLHQW¶V V\PSWRPV DJH
DQGJHQHUDOKHDOWKFRQGLWLRQLQDGGLWLRQWRWKHGLVWULEXWLRQRIWKHDUWKULWLV,QJHQHUDO
LW LV DGYLVHG WR IROORZ D WUHDWPHQW S\UDPLG ZKHUH DOO SDWLHQWV VKRXOG EH RIIHUHG
LQIRUPDWLRQ DQG JXLGDQFH RQ SK\VLFDO DFWLYLW\ DQG LQ VRPH FDVHV RQ ZHLJKW ORVV
6RPH ZRXOG EHQHILW IURP SK\VLFDO WKHUDS\ SDLQ NLOOHUV DQGRU QRQVWHURLGDO DQWL

Table 3 Different classification systems for hip osteoarthritis 
Grade Tönnis classification Kellgren-Lawrence 
classification 
Croft classification
0 No signs of 
osteoarthritis 
No changes of 
osteoarthritis 
No changes of 
osteoarthritis 
1 Slight narrowing of joint 
space, slight lipping at 
joint margin, slight 
sclerosis of femoral 
head or acetabulum  
Possible narrowing of joint 
space medially and 
possible osteophytes 
around femoral head 
Osteophytosis only 
2 Small cysts in femoral 
head or acetabulum, 
increased narrowing of 
joint space, moderate 
loss of sphericity of 
femoral head 
Definite narrowing of joint 
space inferiorly, definite 
osteophytes and slight 
sclerosis 
Joint space narrowing 
only 
3 Large cysts, severe 
narrowing or obliteration 
of joint space, severe 
deformity of femoral 
head, avascular 
necrosis 
Marked narrowing of joint 
space, slight osteophytes, 
some sclerosis and cyst 
formation and deformity of 
femoral head and 
acetabulum 
Two of osteophytosis, 
joint space narrowing, 
subchondral sclerosis 
and cyst formation. 
4 Gross loss of joint space 
with sclerosis and cysts, 
marked deformity of 
femoral head and 
acetabulum and large 
osteophytes.  
Three of osteophytosis, 
joint space narrowing, 
subchondral sclerosis, 
and cyst formation. 
5 As in grade 4, but with 
deformity of femoral 
head 

LQIODPPDWRU\GUXJV16$,'V7KHPLQRULW\ZKRGRQRWDFKLHYHDFFHSWDEOHUHVXOWV
IURPVXFKDGYLFHDQGWUHDWPHQWVKRXOGEHRIIHUHGDWRWDOKLSUHSODFHPHQWSURFHGXUH
6XUJHU\LVDQHIIHFWLYHWUHDWPHQWUHJDUGLQJSDLQDQGIXQFWLRQDOLW\IRUPDQ\SDWLHQWV
EXWEHLQJDQRSHUDWLYHWUHDWPHQWZLWKLWVFRPSOLFDWLRQVDQGFRVWLWVKRXOGDOZD\VEH
D GHOLEHUDWHG GHFLVLRQ 5HWLFHQFH VKRXOG EH VKRZQ UHJDUGLQJ \RXQJ SDWLHQWV DV D
UHYLVLRQLVOLNHO\WREHQHFHVVDU\GXHWRWKHOLPLWHGOLIHH[SHFWDQF\RIWKHSURVWKHVLV
DQG D UHYLVLRQ LV D PRUH FRPSOLFDWHG SURFHGXUH WKDQ WKH SULPDU\ RSHUDWLRQ ,Q
1RUZD\ DOO WRWDO KLS DUWKURSODVWLHV SHUIRUPHG VLQFH  DUH UHSRUWHG WR WKH
1RUZHJLDQ$UWKURSODVW\5HJLVWHU
 
6.4 THE NORWEGIAN ARTHROPLASTY REGISTER 
7KH 1RUZHJLDQ $UWKURSODVW\ 5HJLVWHU 1$5 KDV VLQFH 6HSWHPEHU  
UHJLVWHUHGDOOWRWDOKLSUHSODFHPHQWV7+5VSHUIRUPHGLQ1RUZD\7KHPDLQUHDVRQ
IRUHVWDEOLVKLQJ WKHUHJLVWHUZDV WKH LQWURGXFWLRQRIPDQ\QHZKLS LPSODQWVZLWKRXW
GRFXPHQWDWLRQIURPFOLQLFDOVWXGLHVLQWKHV6HYHUDORIWKHLPSODQWVZHUHLQXVH
IRUPRUHWKDQ\HDUVEHIRUHWKH\ZHUHLGHQWLILHGZLWKKLJKIDLOXUHUDWHV7KHPDLQ
SXUSRVH RI WKH UHJLVWHU LV WR IXQFWLRQ DV D VXUYHLOODQFH WRRO WR LGHQWLI\ LQIHULRU
LPSODQWVDVHDUO\DVSRVVLEOH
)URPWKHUHJLVWHUZDVH[WHQGHGWRLQFOXGHUHJLVWUDWLRQRIDOOMRLQWUHSODFHPHQWV
DQGLQWKH1RUZHJLDQ&UXFLDWH/LJDPHQW5HJLVWHULQWKH1RUZHJLDQ+LS
)UDFWXUH5HJLVWHUDQGLQWKH3DHGLDWULF+LS5HJLVWHUZHUHLQFOXGHG7KHUHJLVWHU
LVRZQHGE\7KH1RUZHJLDQ2UWKRSDHGLF$VVRFLDWLRQDQGUHFHLYHVIXQGLQJIURPWKH
:HVWHUQ1RUZD\5HJLRQDO+HDOWK$XWKRULW\ DQG+DXNHODQG8QLYHUVLW\+RVSLWDO ,Q
WKH1RUZHJLDQ0LQLVWU\RI+HDOWKDSSURYHGWKHUHJLVWHUDVDQDWLRQDOFHQWUHRI
H[FHOOHQFHRIMRLQWUHSODFHPHQWV
$KLSSURVWKHVLVRSHUDWLRQLVUHSRUWHGWRWKHUHJLVWHUE\WKHVXUJHRQZKRFRPSOHWHVD
RQHSDJHVWDQGDUGIRUP$SSHQGL[7KHIRUPLQFOXGHVWKHLGHQWLW\RIWKHSDWLHQW
WKHGDWHRIWKHRSHUDWLRQDQGWKHUHDVRQIRUVXUJHU\DVJLYHQE\WKHVXUJHRQ%RWK
SULPDU\RSHUDWLRQVDQGUHRSHUDWLRQVDUHUHFRUGHGDQGE\XVLQJWKHSDWLHQWV¶QDWLRQDO
SHUVRQDOLGHQWLILFDWLRQQXPEHUWKHUHYLVLRQVFDQEHOLQNHGWRWKHLUSULPDU\RSHUDWLRQ
5HSRUWLQJWRWKH1$5LVQRWFRPSXOVRU\EXWLWKDVEHHQHVWLPDWHGWKDWDWOHDVW
RI MRLQW UHSODFHPHQWVSHUIRUPHG LQ1RUZD\DUH UHSRUWHG$OOSDWLHQWVJLYHZULWWHQ
FRQVHQW WR EH LQFOXGHG LQ WKH UHJLVWHU 7KH UHJLVWHU VWDII LQFOXGHV RUWKRSDHGLF
VXUJHRQVVWDWLVWLFLDQVLQIRUPDWLFVVSHFLDOLVWVDQGVHFUHWDULHV


6.5 THE MEDICAL BIRTH REGISTRY OF NORWAY 
7KH0HGLFDO%LUWK5HJLVWU\RI1RUZD\0%51ZDVHVWDEOLVKHGLQDQGFROOHFWV
LQIRUPDWLRQ DERXW DOO ELUWKV LQ 1RUZD\ LQFOXGLQJ VWLOOELUWKV DIWHU  ZHHNV RI
SUHJQDQF\5HSRUWLQJWRWKH0%51LVFRPSXOVRU\7KH0%51LVDGHSDUWPHQWRIWKH
1RUZHJLDQ,QVWLWXWHRI3XEOLF+HDOWKZKLFKRZQVDQGDGPLQLVWHUVWKHUHJLVWU\
,QIRUPDWLRQIRUWKHUHJLVWHULVUHSRUWHGRQDVWDQGDUGIRUP7KHLGHQWLW\RIWKHFKLOG¶V
SDUHQWV FRPSOLFDWLRQV GXULQJ SUHJQDQF\ RU ELUWK FKLOG¶V KHDOWK LQFOXGLQJ KLS
LQVWDELOLW\ PDWHUQDO KHDOWK DQG PDWHUQDO RFFXSDWLRQ DQG VPRNLQJ KDELWV DUH
UHFRUGHG,Q'HFHPEHUWKHRULJLQDOUHJLVWUDWLRQIRUPIURP$SSHQGL[
ZDVUHSODFHGE\DQHZRQH$SSHQGL[$WWKHVDPHWLPHWKHUHJLVWHUFKDQJHGLWV
FRGLQJV\VWHPIURPWKH,QWHUQDWLRQDO&ODVVLILFDWLRQRI'LVHDVHV9HUVLRQ,&'WR
9HUVLRQ,&'
,QIRUPDWLRQUHJDUGLQJKLSLQVWDELOLW\KDVEHHQUHFRUGHGVLQFHFRPPHQFHPHQW,&'
FRGHV UHIOHFWLQJ KLS LQVWDELOLW\ZHUH ³dislocation of the hip” “dysplasia of 
the hip”  DQG“positive Ortolani test” 7KHQHZIRUP LQWURGXFHG LQ
 LQFOXGHG D ER[ IRU “dysplasia of the hip treated with Frejka pillow” 2WKHU
GLDJQRVHVLQWKHFDWHJRU\RIFRQJHQLWDODEQRUPDOLWLHVRIWKHKLS4±4ZHUH
DOVR UHFRUGHG$Q LPSRUWDQW OLPLWDWLRQ RI WKH UHJLVWHU LV WKDW IRU SDWLHQWV GLDJQRVHG
ZLWKXQVWDEOHKLSVWKHIRUPGRHVQRWUHFRUGZKHWKHUWKHOHIWWKHULJKWRUERWKKLSV
DUHDIIHFWHG

6.6 THE 1989 BERGEN BIRTH COHORT STUDY 
7KH  %HUJHQ %LUWK &RKRUW VWXG\ FRQVLVWV RI WZR SDUWV 7KH ILUVW SDUW LV D 
UDQGRPLVHGFOLQLFDOWULDORQGLIIHUHQWVFUHHQLQJVWUDWHJLHVIRUKLSG\VSODVLDLQFKLOGUHQ 
ERUQDW+DXNHODQG8QLYHUVLW\+RVSLWDOLQWKHSHULRG-DQXDU\WR-XQH7KH 
+LS&RKRUW7KHVHFRQGSDUWLVDPDWurityUHYLHZRIWKHVDPHSRSXODWLRQ 
DQG ZDV SHUIRUPHG LQ WKH SHULRG )HEUXDU\  WR 0DUFK  7KH  +LS 
3URMHFW
 
6.6.1 The 1988-1990 Hip Cohort 
7KH  %HUJHQ %LUWK &RKRUW LQLWLDOO\ FRPSULVHG DOO QHZERUQV GHOLYHUHG DW
+DXNHODQG 8QLYHUVLW\ +RVSLWDO +86 LQ %HUJHQ EHWZHHQ -DQXDU\  DQG -XQH
7KRVHZLWKELUWKZHLJKWJUDPVZLWKVHYHUHPDOIRUPDWLRQVGLVHDVHRU
ZKR GLHGZLWKLQ WKH ILUVWPRQWK RI OLIH ZHUH H[FOXGHG Q  $ WRWDO RI  
QHZERUQ LQIDQWV ! &DXFDVLDQV ZHUH HQUROOHG LQ WKH UDQGRPLVHG FRQWUROOHG
WULDO 5&7 GHVLJQHG WR HYDOXDWH WKH HIIHFWLYHQHVV RI WKUHH GLIIHUHQW VFUHHQLQJ
VWUDWHJLHV IRU KLS G\VSODVLD XQLYHUVDO XOWUDVRXQG VFUHHQLQJ Q  VHOHFWLYH
XOWUDVRXQG VFUHHQLQJ Q  DQG FOLQLFDO VFUHHQLQJ DORQH Q  )LJXUH 
7KHUDQGRPLVDWLRQSURFHGXUHZDVDUHDEDVHGDVWKUHHHTXDOO\VL]HGQHZERUQQXUVHU\
XQLWVVHSDUDWHGIURPWKHGHOLYHU\ZDUGZHUHLQXVHDWWKDWWLPH1HZERUQVDGPLWWHGWR
XQLW RQH DQG FHUWDLQ SDUWV RI XQLW WKUHH ZHUH DVVLJQHG WR WKH VHOHFWLYH JURXS DQG
QHZERUQVDGPLWWHG WRXQLW WZRDQG WKH UHVWRIXQLW WKUHHZHUHDVVLJQHG WRXQLYHUVDO
VFUHHQLQJ ,QIDQWV ERUQ ZKHQ XOWUDVRXQG ZDV QRW DYDLODEOH FRQVWLWXWHG WKH FOLQLFDO
VFUHHQLQJRQO\JURXSQRXOWUDVRXQG$OOLQIDQWVUHFHLYHGDGHWDLOHGQHZERUQFOLQLFDO
H[DPLQDWLRQ LQFOXGLQJDVVHVVPHQWVRI MRLQW OD[LW\DQGKLSVWDELOLW\DQGNQRZQULVN
IDFWRUVIRUKLSG\VSODVLDEUHHFKSUHVHQWDWLRQDWGHOLYHU\DQGRUIDPLO\KLVWRU\ILUVW
RUVHFRQGGHJUHHZHUHHOLFLWHGDQGUHFRUGHG+LJKULVNLQIDQWVIURPWKHVHOHFWLYHO\
VFUHHQHG JURXS DQG DOO LQIDQWV IURP WKH XQLYHUVDOO\ VFUHHQHG JURXSZHUH RIIHUHG D
VLQJOH H[DPLQHU KLS XOWUDVRXQG 5RVHQGDKO¶V PHWKRG ,QGLFDWLRQV IRU WUHDWPHQW
ZHUH GLVORFDWDEOHGLVORFDWHG KLSV RU VHYHUH VRQRJUDSKLF G\VSODVLD LUUHVSHFWLYH RI
FOLQLFDORU VRQRJUDSKLF VWDELOLW\+LSVZLWKDPLOGO\G\VSODVWLFPRUSKRORJ\ Į
 ZHUH WUHDWHG LI WKH\ ZHUH DOVR FOLQLFDOO\ RU VRQRJUDSKLFDOO\
GLVORFDWDEOHGLVORFDWHG ,I WKHKLSVZHUH VRQRJUDSKLFDOO\ LPPDWXUH ĮRU
PLOGO\ G\VSODVWLF  Į  EXW FOLQLFDOO\ VWDEOH WKH\ KDG FOLQLFDO DQG
VRQRJUDSKLFVXUYHLOODQFHHYHU\IRXUWKZHHNXQWLOQRUPDOLVDWLRQRUXQWLOWUHDWPHQWZDV
LQLWLDWHGGXH WR ODFNRI LPSURYHPHQW%DELHVZLWKQRUPDOKLSVEXWZLWK ULVN IDFWRUV
IRU KLS G\VSODVLD ZHUH UHIHUUHG IRU D UDGLRJUDSK RI WKH KLSV DW PRQWKV RI DJH
$GGLWLRQDOO\ DOO FKLOGUHQ LQ1RUZD\ DUH UHJXODUO\ FOLQLFDOO\ H[DPLQHG GXULQJ WKHLU
ILUVWWZR\HDUVRIOLIHDVSDUWRIWKHQDWLRQDOKHDOWKSURJUDPPH)ROORZXSFOLQLFDODQG

6HWWLQQKHU
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Figure 14 Flow of participants in the 1989 Bergen Hip Cohort Study.  
HUS: Haukeland University Hospital; US: ultrasound; RCT: Randomised Clinical Trial; N: Number 

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(The 1988-1990 Hip Cohort)
Excluded:
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UDGLRORJLFDO GDWD RQ WKRVHGLDJQRVHG DVKDYLQJKLS G\VSODVLDRU RWKHUKLS GLVRUGHUV
ZHUHFROOHFWHGRQVXEMHFWVDWDOODJHV
2XWFRPH PHDVXUHV IRU WKH 5&7 ZHUH  UDWHV RI ODWHGHWHFWHG G\VSODVLD DJH !
PRQWK DV GHILQHG E\ WKH DFHWDEXODU LQGH[ RI 7|QQLV $,PRUH WKDQ  VWDQGDUG
GHYLDWLRQVDERYHPHDQIRUWKHDJHDQGWKHIHPRUDOKHDGSRVLWLRQXOWUDVRXQG
IROORZXSDQGWUHDWPHQWUDWHV7KH5&7IRXQGWKDWXQLYHUVDOXOWUDVRXQGVFUHHQLQJ
WHQGV WR UHGXFH WKH SUHYDOHQFH RI ODWHGHWHFWHG KLS G\VSODVLD  SHU  DV
FRPSDUHGWRVHOHFWLYHXOWUDVRXQGH[DPLQDWLRQSHUDQGFOLQLFDOH[DPLQDWLRQ
DORQH  SHU  WKRXJK D VWDWLVWLFDOO\ VLJQLILFDQW UHGXFWLRQ ZDV QRW IRXQG
S WHVWIRUWUHQG7UHDWPHQWUDWHVZHUHKRZHYHUKLJKHULQWKHXQLYHUVDOJURXS
 WKDQ LQ WKH VHOHFWLYH JURXS  DQG FOLQLFDO VFUHHQLQJ JURXS 
S!DQGDOVRUHVXOWHGLQDKLJKHUIROORZXSUDWHYVDQG
6.6.2 The 1989 Hip Project 
,QWKHSHULRG)HEUXDU\WR0DUFKDOO WKRVHERUQDW+DXNHODQG8QLYHUVLW\
+RVSLWDOLQQ DVZHOODVWKRVHERUQLQDQGLQZKRPQHRQDWDO
KLSDEQRUPDOLWLHVZHUHGHWHFWHGQ JLYLQJDVDPSOHRIZHUHLQYLWHGWRD
IROORZXSVWXG\RIWKHLUKLSV3HUVRQVZKRZHUHGHDGKDGHPLJUDWHGRUZHUHOLYLQJ
RXWVLGHDGHILQHGDUHDRI%HUJHQDQGVXUURXQGLQJVZHUHH[FOXGHGQ 7KHDUHD
ZDVGHILQHGDVWKHFDWFKPHQWDUHDRI+DXNHODQG8QLYHUVLW\+RVSLWDOZKLFKLQFOXGHG
%HUJHQ6DPQDQJHU2V$XVWHYROO6XQG)MHOO$VN¡\2VWHU¡\0HODQG\JDUGHQ
5DG¡\/LQGnV$XVWUKHLP)HGMHDQG0DVIMRUGHQ7KHUHPDLQLQJFRKRUWZDVLQYLWHG
WRSDUWLFLSDWHLQDORQJWHUPFOLQLFDODQGUDGLRORJLFDOIROORZXSRIWKHLUKLSV)LJXUH
$WRWDORIVXEMHFWVDFFHSWHGDQGZHUHLQFOXGHG
$OO VXEMHFWV ZHUH DSSURDFKHG E\ OHWWHU DQG LQYLWHG WR SDUWLFLSDWH LQ WKH IROORZXS
VWXG\$SSHQGL[,QWKHLQYLWDWLRQOHWWHUWKHVXEMHFWVZHUHJLYHQWLPHDQGGDWHIRU
DQ DSSRLQWPHQW DW WKH 'HSDUWPHQW RI 3DHGLDWULF 5DGLRORJ\ +DXNHODQG 8QLYHUVLW\
+RVSLWDOZKHUHDOOWKHH[DPLQDWLRQVZHUHSHUIRUPHG7KH\ZHUHFRQWDFWHGE\SKRQH

 
Figure 15 Two radiographs were obtained: (A) one erect anteroposterior view and (B) one 
supine frog-leg view.  
A
B
DQGRU606DVDUHPLQGHUGD\VSULRUWRWKHLUDSSRLQWPHQWV$OOSDUWLFLSDQWVJDYH
ZULWWHQFRQVHQW$SSHQGL[
Questionnaires 
$TXHVWLRQQDLUHZDVDWWDFKHGWRWKHLQYLWDWLRQOHWWHUZKLFKSDUWLFLSDQWVZHUHDVNHGWR
FRPSOHWHSULRUWRWKHDSSRLQWPHQW7KLVFRQWDLQHGTXHVWLRQVUHJDUGLQJKLSSUREOHPV
LQFKLOGKRRGKLSSUREOHPV LQ WKH IDPLO\ DQG WKHLUSDUHQWV¶KHLJKW $SSHQGL[$
VHFRQGTXHVWLRQQDLUHZDVILOOHGLQRQDUULYDOZKLFKFRQVLVWHGRIWKUHHSDUWVLQFOXGLQJ
VWDQGDUGLVHG TXHVWLRQQDLUHV RQ TXDOLW\ RI OLIH (4' ZZZHXURTRORUJ DQG KLS
SUREOHPV:20$&ZZZZRPDFRUJ$SSHQGL[
Radiological examinations 
7KH UDGLRORJLFDO H[DPLQDWLRQV ZHUH SHUIRUPHG E\ D VLQJOH VSHFLDOO\ WUDLQHG
UDGLRJUDSKHU XVLQJ D ORZGRVH GLJLWDO UDGLRJUDSK\ WHFKQLTXH 'LJLWDO'LDJQRVW
6\VWHP YHUVLRQ  3KLOLSV 0HGLFDO 6\VWHPV +DPEXUJ *HUPDQ\ $ VWULFWO\
VWDQGDUGLVHG SURWRFRO ZDV IROORZHG %R\VZHUH RIIHUHG D JRQDGDO VKLHOG )HPDOHV
 

Figure 16 Clinical examination of the hip: (A) external rotation, (B) internal rotation, 
(C) abduction, and (D) extension. 
A B
C D
ZKRZHUH SUHJQDQW RU ZLWK DQ XQFHUWDLQ SUHJQDQF\ VWDWXV ZHUH H[FOXGHG IURP WKH
UDGLRORJLFDO H[DPLQDWLRQV 7ZR VWDQGDUGLVHG YLHZV ZHUH REWDLQHG RQH ZHLJKW
EHDULQJDQWHURSRVWHULRU$3YLHZDQGRQHVXSLQHIURJOHJYLHZ)LJXUH
7KH$3YLHZZDVWDNHQZLWKKLSVNHSWLQDQHXWUDODEGXFWLRQDGGXFWLRQSRVLWLRQWRHV
SRLQWLQJIRUZDUGV7KHILOPIRFXVGLVWDQFHZDVPDQGFHQWUHGFPSUR[LPDOWR
WKH V\PSK\VLV )RU WKH IURJOHJ YLHZ LW ZDV FHQWUHG DW WKH V\PSK\VLV 7KH
UDGLRJUDSKHUHQVXUHGFRUUHFWSRVWXUHGXULQJWKHH[SRVXUHV7KHWRWDOPHDQUDGLDWLRQ
GRVHIRUERWKWKH$3DQGWKHIURJOHJYLHZWRJHWKHUZDV*\FP
Clinical examination 
7KH FOLQLFDO H[DPLQDWLRQ )LJXUH  ZDV SHUIRUPHG E\ RQH RI ILYH SK\VLFLDQV
EOLQGHG WR WKH UHVXOWV RI WKHTXHVWLRQQDLUH DQG UDGLRJUDSKV2QHH[SHULHQFHG VHQLRU
RUWKRSDHGLFVXUJHRQ/%(VWDQGDUGLVHGWKHFOLQLFDOH[DPLQDWLRQDQGWUDLQHGWKHIRXU
OHVV H[SHULHQFHG SK\VLFLDQV $ VWDQGDUGLVHG SURWRFRO LQFOXGLQJ KHLJKW ZHLJKW

DVVHVVPHQW RI KLS UDQJH RIPRWLRQ 520 DQG%HLJKWRQ VFRUH IRU MRLQW OD[LW\ZDV
SHUIRUPHG$SSHQGL[)OH[LRQDEGXFWLRQDQGDGGXFWLRQZHUHPHDVXUHGZLWKWKH
VXEMHFW VXSLQHZKLOHH[WHQVLRQ LQWHUQDODQG H[WHUQDO URWDWLRQZHUHPHDVXUHGSURQH
ZLWKGHJUHHVIOH[LRQRIWKHNQHHMRLQW
Genetic sample 
$OO SDUWLFLSDQWV ZHUH DVNHG WR SURYLGH VDOLYDU\ '1$ 7KLV ZDV RSWLRQDO DQG D
VHSDUDWH FRQVHQW IRUP ZDV VLJQHG 3DUWLFLSDQWV DWWHQGLQJ DIWHU 6HSWHPEHU  
ZHUHLQYLWHGWRSURYLGHDVDPSOHDWWKHFOLQLFDOYLVLW7KRVHZKRDOUHDG\KDGPHWIRU
WKH IROORZXSZKHQ WKHFROOHFWLRQRI'1$VWDUWHGZHUH UHTXHVWHGE\SRVW WR UHWXUQ
VDOLYDU\'1$7ZRPO RI VDOLYDZDV FROOHFWHG XVLQJ2UDJHQH'1$ VHOIFROOHFWLRQ
NLWV'1$*HQRWHN,QF2QWDULR&DQDGD7KHVSHFLPHQVZHUHIUR]HQDQGDUHUHDG\
IRUODWHUJHQHWLFDQDO\VLV
Data from Child Health Clinics 
+HLJKWDQGZHLJKWDUHURXWLQHO\PHDVXUHGLQDOOFKLOGUHQLQ%HUJHQDWRQHRIWKH
FKLOGKHDOWKFOLQLFVLQWKHFLW\:HLJKWLVPHDVXUHGDWZHHNVDQGLQPRVWFKLOGUHQDW
     DQG  PRQWKV DQG DW     DQG  \HDUV +HLJKW OHQJWK LV
PHDVXUHGDWDQGPRQWKVDQGDWDQG\HDUV7KHVHGDWDZHUHUHFRUGHG
RQSDSHUEXWKDYHEHHQGLJLWLVHGLQDSURMHFWUHODWHGWRWKH+LS3URMHFW
 
7. AIMS OF THE STUDY
7KH RYHUDOO REMHFWLYH RI WKLV WKHVLV ZDV WR LQYHVWLJDWH KLS G\VSODVLD DPRQJ \RXQJ
DGXOWVLQ1RUZD\

7KHVSHFLILFDLPVRIWKHIRXUSDSHUVLQFOXGHGLQWKHWKHVLVZHUH
, 7R LQYHVWLJDWH ZKHWKHU KLS LQVWDELOLW\ DW ELUWK SUHGLVSRVHV WR D WRWDO KLS
UHSODFHPHQWLQ\RXQJDGXOWKRRG
,, 7R YDOLGDWH WKH G\VSODVLD GLDJQRVLV UHSRUWHG WR WKH 1RUZHJLDQ $UWKURSODVW\
5HJLVWHUIRUSDWLHQWVERUQDIWHUDQGDOVRWRUHSRUWRQDJHDWGLDJQRVLVRI
G\VSODVLDIRUWKLVSDWLHQWJURXSSUHYLRXVWUHDWPHQWDQGTXDOLW\RIOLIH
,,, 7R YDOLGDWH UDGLRJUDSKLFPHDVXUHPHQWV UHOHYDQW IRU KLS G\VSODVLD DW VNHOHWDO
PDWXULW\XVLQJERWKDPDQXDODQGDGLJLWDOPHDVXUHPHQWWHFKQLTXH
,9 7R UHSRUW RQ WKH SUHYDOHQFH RI UDGLRORJLFDO PHDVXUHPHQWV LQGLFDWLQJ KLS
G\VSODVLDDPRQJ\HDUROG1RUZHJLDQV

Norwegian Arthroplasty 
Register (NAR)  
All total hip replacements  
after 1987 
N = 106 716 prostheses
Medical Birth Registry
of Norway (MBRN) 
All newborns born after 1967 
N = 2 218 596 newborns
NAR ļ MBRN
All persons born after 1967 with a primary total 
hip replacement (inserted after 1987) 
N = 633 prostheses in 442 patients 
Figure 17 The two national registries, the Norwegian Arthroplasty Register (NAR) 
and the Medical Birth Registry of Norway (MBRN), were linked using the national 
personal identification number. In total 442 persons were recorded in both registries. 
8. METHODS
8.1 DATA 
7KLV WKHVLV LV EDVHG RQ UHJLVWU\ GDWD IURP WKH 1RUZHJLDQ $UWKURSODVW\ 5HJLVWHU
1$53DSHUV,	,,WKH0HGLFDO%LUWK5HJLVWU\RI1RUZD\0%513DSHU,DQG
FOLQLFDOGDWDIURPWKH+LS3URMHFW3DSHUV,,,	,9
8.1.1 Paper I  
,Q WKH ILUVW SDSHU ZH OLQNHG WKH 1RUZHJLDQ $UWKURSODVW\ 5HJLVWHU ZLWK DQRWKHU
QDWLRQDOUHJLVWHUWKH0HGLFDO%LUWK5HJLVWU\RI1RUZD\E\XVLQJWKHXQLTXHGLJLW
QDWLRQDO SHUVRQDO LGHQWLILFDWLRQ QXPEHU )LJXUH  ,QIRUPDWLRQ RQ QHRQDWDO KLS
VWDELOLW\ LQ WKH QHZERUQ LV UHFRUGHG LQ WKH %LUWK 5HJLVWU\ 7KLV LQIRUPDWLRQ ZDV
FRPELQHGZLWKLQIRUPDWLRQIURPWKH$UWKURSODVW\5HJLVWHUDQGLWZDVVWXGLHGZKHWKHU
DQ LQVWDEOHKLSSUHGLVSRVHGIRUD WRWDOKLS UHSODFHPHQWRUQRW ,Q WRWDOSDWLHQWV
ZLWKWRWDOKLSDUWKURSODVWLHVZHUHUHFRUGHGLQERWKUHJLVWULHV
 
8.1.2 Paper II 
,Q WKH VHFRQG SDSHU WKH VDPH SRSXODWLRQ DV GHVFULEHG LQ SDSHU , ZDV VWXGLHG LH
WKRVHERUQDIWHUDQG UHJLVWHUHGZLWKD WRWDOKLS UHSODFHPHQW LQ WKH1RUZHJLDQ
$UWKURSODVW\5HJLVWHU7KLVFRKRUWZDVFRQWDFWHGE\SRVWDQGLQYLWHGWRSDUWLFLSDWHLQ
DIROORZXSVWXG\$SSHQGL[7KHSDWLHQWVZHUHDVNHGZKHWKHUWKH\DJUHHGRQWKH
GLDJQRVLV UHSRUWHG WR WKH UHJLVWHU  7KH\ ZHUH DOVR DVNHG WR ILOO LQ DQG UHWXUQ D
TXHVWLRQQDLUH DQG ZH DVNHG IRU FRQVHQW WR UHYLHZ WKHLU KRVSLWDO PHGLFDO UHFRUGV
UHJDUGLQJWKHLUKLSSUREOHPV)RUSDWLHQWVZKRFRQVHQWHG WKHPHGLFDOUHFRUGVZHUH
UHWULHYHGIURPWKHKRVSLWDODQGUHYLHZHGLQRUGHUWRYDOLGDWHWKHGLDJQRVHVUHSRUWHGWR
WKH $UWKURSODVW\ 5HJLVWHU )RU SDWLHQWV GLDJQRVHG ZLWK KLS G\VSODVLD &DOYp/HJJ
3HUWKHV¶ GLVHDVH &/3 RU D VOLSSHG FDSLWDO IHPRUDO HSLSK\VLV 6&)( ZH DOVR
UHFRUGHG GDWD DQG V\PSWRPV DW WKH WLPH RI GLDJQRVLV RI WKH KLS GLVHDVH DQG DQ\
WUHDWPHQWJLYHQIRUWKHKLSGLVRUGHUSULRUWRWKHLUWRWDOKLSUHSODFHPHQW$SSHQGL[

8.1.3 Paper III 
7KH WKLUGVWXG\FRPSULVHGFRQYHQWLRQDO$3SHOYLF UDGLRJUDSKV IURPSDUWLFLSDQWV
LQ WKH +LS 3URMHFW$OO LPDJHVZHUHPHDVXUHG ERWK LQ D GLJLWDOPHDVXUHPHQW
SURJUDPPH$GXOWB''+,RZD+RVSLWDODQG&OLQLFV,RZD86$DQGLQWKHVWDQGDUG
PDQQHU LQ $JID:HE 7KLV VWXG\ ZDV SHUIRUPHG WR YDOLGDWH WKH QHZ GLJLWDO
PHDVXUHPHQW SURJUDPPH 7ZR REVHUYHUV PHDVXUHG DOO LPDJHV WZLFH GLJLWDOO\ DQG
WZLFH PDQXDOO\ 2QH REVHUYHU PHDVXUHG WKH LPDJHV WZLFH GLJLWDOO\ DQG RQFH
PDQXDOO\,QWRWDODOOLPDJHVZHUHPHDVXUHGWLPHV

8.1.4 Paper IV 
$OOSDUWLFLSDQWVLQWKHIRXUWKVWXG\ZHUHERUQGXULQJDQGLQFOXGHGLQWKH
+LS3URMHFWZLWKTXHVWLRQQDLUHVFOLQLFDOH[DPLQDWLRQDQGWZRUDGLRJUDSKVQ 
7KH UDGLRJUDSKV ZHUH PHDVXUHG E\ RQH RI WKUHH REVHUYHUV XVLQJ WKH GLJLWDO


Figure 18 The acetabular anatomy is assessed by Sharp's angle, the acetabular roof angle of Tönnis (AA) 
and the acetabular depth-width ratio (ADR).
ADR = (A/B)*1000 
B 
A
Sharp’s angle 
AA 
Teardrop line 
PHDVXUHPHQWSURJUDPPH$GXOWB''+5DGLRJUDSKLFPHDVXUHPHQWVUHOHYDQWIRUKLS
G\VSODVLDDWVNHOHWDOPDWXULW\ZHUHXVHGWRFODVVLI\WKHUDGLRJUDSKVDQGWRJURXSWKH
KLSV LQWR HLWKHU ³QRUPDO´ ³ERUGHUOLQH´ RU ³G\VSODVWLF´ 7KH UDGLRJUDSKLF ILQGLQJV
ZHUHUHODWHGWRERG\PDVVLQGH[%0,UDQJHRIPRWLRQRIWKHKLSV%HLJKWRQVFRUH
(4'VFRUHDQG:20$&VFRUH
8.2 OUTCOME MEASURES 
8.2.1 Radiographic parameters associated with hip dysplasia at 
skeletal maturity 
6HYHUDO GLIIHUHQW UDGLRJUDSKLF PHDVXUHPHQWV KDYH EHHQ SURSRVHG WR GHILQH KLS
G\VSODVLD EXW WKHUH LV QR FRQVHQVXV RQ ZKDW PDUNHUV ZLWK FRUUHVSRQGLQJ FXWRII
YDOXHVWRXVH7KHPDUNHUVFDQEHJURXSHGLQWRWKUHHGLIIHUHQWFDWHJRULHVDFFRUGLQJWR
ZKDWWKH\DUHGHVLJQHGWRPHDVXUH
Acetabular anatomy )LJXUH
6KDUS¶V DFHWDEXODU DQJOH 7KLV LV GHILQHG DV WKH DQJOH EHWZHHQ WKH KRUL]RQWDO
WHDUGURSOLQHDQGDOLQHWKURXJKWKHLQIHULRUWHDUGURSSRLQWDQGWKHODWHUDOULPRIWKH
DFHWDEXOXP6\QRQ\PVXVHGLQWKHOLWHUDWXUHDUH³WKHDFHWDEXODUDQJOH´DQG³DQJOH
RILQFOLQDWLRQ´
 

Figure 19 The position of the femoral head relative to the acetabular cavity is defined using Wiberg's 
Centre-Edge (CE) angle, a modification of this (Ogata's angle) and the femoral head extrusion index 
(FHEI).
Teardrop line 
7KHDFHWDEXODUURRIDQJOHRI7|QQLV$$7KLVLVWKHDQJOHEHWZHHQDOLQHSDUDOOHO
WRWKHKRUL]RQWDOWHDUGURSOLQHDQGDOLQHGUDZQWKURXJKWKHPHGLDOSRLQWRIWKHVRXUFLO
DQG WKH ODWHUDO DFHWDEXODU ULP ,Q WKH OLWHUDWXUH V\QRQ\PRXV QDPHV DUH
³KRUL]RQWDO WRLW H[WHUQH´ +7( 7RLW )UHQFK IRU URRI DFHWDEXODU URRI REOLTXLW\
$52DQGDFHWDEXODULQGH[$,
7KH DFHWDEXODU GHSWKZLGWK UDWLR $'5 7KH UDWLR RI WKH GLVWDQFH EHWZHHQ WKH
LQIHULRUWHDUGURSSRLQWDQGWKHODWHUDODFHWDEXODUULPDQGWKHGHSWKRIWKHDFHWDEXOXP
PXOWLSOLHGE\
Position of the femoral head relative to the acetabular cavity )LJXUH
:LEHUJ¶V&HQWUH(GJH &(DQJOH7KLV LV GHILQHGDVD OLQH WKURXJK WKHFHQWUHRI
WKH IHPRUDO KHDG SHUSHQGLFXODU WR WKH KRUL]RQWDO WHDUGURS OLQH DQG D OLQH UXQQLQJ
IURPWKHFHQWUHRIWKHIHPRUDOKHDGWKURXJKWKHODWHUDODFHWDEXODUHGJH
2JDWD¶VDQJOH7KLV LVDPRGLILFDWLRQRI:LEHUJ¶V&(DQJOHGLIIHULQJRQO\VOLJKWO\
IURP WKLVDV2JDWD¶VDQJOHXVHV WKH ODWHUDO HGJHRI WKH VRXUFLO LQVWHDGRI WKH ODWHUDO
DFHWDEXODUHGJH
)HPRUDO KHDG H[WUXVLRQ LQGH[ )+(, 7KLV LV GHILQHG DV WKH SHUFHQWDJH RI WKH
IHPRUDO KHDG O\LQJ PHGLDO WR WKH ODWHUDO DFHWDEXODU HGJH 6RPH DXWKRUV DOVR
GHVFULEH WKH RSSRVLWH LH WKH SHUFHQWDJH RI WKH IHPRUDO KHDG O\LQJ ODWHUDOO\ WR WKH
FHEI = (A/B)*100 
B
A 
Ogata’s angle 
Wiberg’s angle 
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Figure 20 The joint space width (JSW) was measured in three places; medial, middle and lateral. Other 
measurements are the maximum width of the teardrop and the articulo-trochanteric distance (ATD).
Long axis of 
the femur 
DFHWDEXODUHGJHGHVFULEHGDVWKH³PLJUDWLRQLQGH[´7KH)+(,LVDOVRUHIHUUHGWR
DVWKH³DFHWDEXODUKHDGLQGH[´
Other measurements )LJXUH
7KHPD[LPXPZLGWKRIWKHWHDUGURS 7KLVLVDODQGPDUNVHHQLQWKH$3YLHZ,WV
PHGLDO ERUGHU FRQVLVWV RI WKH FRUWLFDO VXUIDFH RI WKH SHOYLV DQG LWV ODWHUDO ERUGHU
FRQVLVWVRIWKHFRUWLFDOVXUIDFHRIWKHPLGGOHWKLUGRIWKHDFHWDEXODUIRVVD7KHLQWHU
WHDUGURSOLQHFRQQHFWLQJWKHLQIHULRUWLSRIERWKWHDUGURSVZDVXVHGDVWKHWUDQVYHUVH
D[LVRIWKHSHOYLV
7KHMRLQWVSDFHZLGWK-6:PHGLDOO\ODWHUDOO\DQGLQWKHPLGGOH 7KH-6:LVD
ZHOODFFHSWHGPHWKRG IRUTXDQWLWDWLYHDVVHVVPHQWRI2$:HPHDVXUHG WKH
-6:DWWKUHHORFDWLRQVQDPHO\PHGLDOO\LQWKHPLGGOHDQGODWHUDOO\
7KH DUWLFXORWURFKDQWHULF GLVWDQFH $7' 7KLV FDQ EH DVVHVVHG LQ WZR GLIIHUHQW
ZD\V2QHPHWKRGGHILQHVLWDVWKHGLVWDQFHEHWZHHQWKHWDQJHQWVQRUPDOWRWKHORQJ
D[LVRI WKHIHPXUWR WKHVXSHULRUPDUJLQRI WKH WURFKDQWHUPDMRUDQGWR WKHVXSHULRU
FRQWRXU RI WKH IHPRUDO KHDG $QRWKHU PHWKRG DVVHVVHV WKH $7' DV WKH
GLVWDQFHEHWZHHQDKRUL]RQWDO OLQHEHWZHHQWKHVXSHULRUPDUJLQRI WKH WURFKDQWHURQ
ERWKVLGHVDQGDSHUSHQGLFXODUWRWKLVOLQHWRWKHVXSHULRUPDUJLQRIWKHIHPRUDOKHDG
JSW 
Maximum width teardrop 
ATD 
 
,QDSRSXODWLRQZLWKSUHGRPLQDQWO\QRUPDOKLSVDQGZKHUHWKHUDGLRJUDSKVDUHWDNHQ
ZLWK DSSUR[LPDWHO\ SDUDOOHO IHPXUV WKHUH LV RQO\ D PLQRU GLIIHUHQFH LQ WKHVH WZR
PHDVXULQJWHFKQLTXHV
6RXUFLOVKDSH7KH³VRXUFLOFRW\ORwGLHQ´6RXUFLO)UHQFKIRUH\HEURZUHSUHVHQWVWKH
ZHLJKWEHDULQJERQ\DUHDRIWKHKLSMRLQWVHHQDVDK\SHUGHQVHDUFKHGOLQHDORQJWKH
DFHWDEXODU URRI ,Q D QRUPDO KLS MRLQW WKLV OLQH LV KRUL]RQWDO RU VRPHZKDW FXUYLQJ
GRZQZDUG ODWHUDOO\ZKHUHDV LWKDVDQXSZDUGRULHQWDWLRQ LQ WKHG\VSODVWLFKLS7KH
ODWHUDO HGJH RI WKH URRI LV RIWHQ ORFDWHGPRUH ODWHUDOO\ WKDQ WKH ODWHUDO SRLQW RI WKH
VRXUFLO

8.2.2 EQ-5D 
4XDOLW\ RI OLIHZDV DVVHVVHG LQ SDSHUV ,, DQG ,9:H XVHG WKH(XUR4RO LQVWUXPHQW
ZZZHXURTRORUJZKLFKLVGHVLJQHGWRGHVFULEHDQGHYDOXDWHKHDOWKUHODWHGTXDOLW\
RIOLIH7KHLQVWUXPHQWFRQVLVWVRIDKHDOWKVWDWXVSDUW(4'70DQGD9$6VFRUH
(49$6
7KH(4' LV D GHVFULSWLYH WRRO DVVHVVLQJ ILYH GLPHQVLRQV OHYHO RIPRELOLW\ VHOI
FDUHXVXDODFWLYLWLHVSDLQGLVFRPIRUWDQGDQ[LHW\GHSUHVVLRQ(DFKTXHVWLRQKDVWKUHH
OHYHOVQRSUREOHPVVRPHSUREOHPVDQGVHYHUHSUREOHPV$VLQJOHZHLJKWHGXWLOLW\
VFRUH±WKH(4'LQGH[±LVFDOFXODWHGIURPWKHGLPHQVLRQV7KH³EHVWLPDJLQDEOH
KHDOWKVWDWH´UHSUHVHQWVLQGLYLGXDOVZKRUHSRUWWKDWWKH\DUHH[SHULHQFLQJWKHKLJKHVW
OHYHORIIXQFWLRQLQJIRUWKHILYHFRQGLWLRQV7KH(4'LQGH[IRUWKHVHSDWLHQWVLV
'HDWKVFRUHV]HUREXWFRQGLWLRQVZRUVHWKDQGHDWKDUHSRVVLEOH(DFKRIWKHILYH
FDWHJRULHV KDV DQ LQGLYLGXDO ZHLJKWLQJ ZLWK SDLQ DQG PRELOLW\ KDYLQJ WKH KLJKHVW
ZHLJKWLQJ
7KH(49$6 LV D  FP YHUWLFDO YLVXDO DQDORJXH VFDOH UDQJLQJ IURP  VLJQLI\LQJ
ZRUVWSRVVLEOHKHDOWKWRVLJQLI\LQJEHVWSRVVLEOHKHDOWK7KHSDWLHQWVDUHDVNHG
WRPDUNWKHLUFXUUHQWKHDOWKVLWXDWLRQRQWKLVVFDOH

8.2.3 WOMAC Osteoarthritis Index 
7KH:HVWHUQ2QWDULRDQG0F0DVWHU:20$&2VWHRDUWKULWLV,QGH[LVXVHGLQSDSHU
,9 RI WKLV WKHVLV 7KH LQVWUXPHQW LV VHOIDGPLQLVWHUHG DQG XVHV D EDWWHU\ RI 
TXHVWLRQV WR DVVHVV WKH WKUHH GLPHQVLRQV RI SDLQ  TXHVWLRQV GLVDELOLW\ 
TXHVWLRQVDQGMRLQWVWLIIQHVVTXHVWLRQVLQSDWLHQWVZLWKKLSDQGNQHHRVWHRDUWKULWLV
ZZZZRPDFRUJ  $OO TXHVWLRQV KDYH WKH VDPH ILYH GHVFULSWRUV QRQH PLOG
PRGHUDWH VHYHUH DQG H[WUHPH 7KHVH FRUUHVSRQG WR DQ RUGLQDO VFDOH RI  7KH
VFRUHV DUH VXPPHG IRU WKH LWHPV LQ HDFK VXEVFDOHZLWKSRVVLEOH UDQJHV DV IROORZV
SDLQ GLVDELOLW\ DQGMRLQWVWLIIQHVV 0RVWFRPPRQO\DWRWDO:20$&
VFRUH LVFUHDWHGE\VXPPLQJ WKH LWHPVIRUDOO WKUHHVXEVFDOHVEXWRWKHUPHWKRGVRI
DJJUHJDWLQJ VXEVFDOHV KDYH EHHQ XVHG:LWK WKLVPHWKRG WKHPD[LPXP VFRUH LV 
DQGDQLQFUHDVLQJVFRUHLQGLFDWHVZRUVHSDLQVWLIIQHVVDQGIXQFWLRQDOOLPLWDWLRQV

8.2.4 The Beighton score 
7KH%HLJKWRQVFRUHZDVILUVWGHVFULEHGLQE\%HLJKWRQDQGFROOHDJXHVDQGZDV
DPRGLILFDWLRQRIDVL[OHYHOVFRULQJV\VWHPGHVFULEHGE\&DUWHUDQG:LONLQVRQ
LQZKHUHWKH\H[DPLQHGILYHMRLQWV%HLJKWRQPRGLILHGWZRRIWKHVHMRLQWVWHVWV
WRLQFOXGHK\SHUH[WHQVLRQ!RINQHHVDQGHOERZVSDVVLYHO\WRXFKLQJWKHIRUHDUP
ZLWKWKHWKXPEGRUVLIOH[LRQRIWKHILIWKILQJHUPRUHWKDQGHJUHHV*RUOLQJ¶VVLJQ
DQG IOH[LRQ RI WKH WUXQN WRXFKLQJ WKH IORRU ZLWK WKH SDOPV RI WKH KDQGV ZLWKRXW
EHQGLQJWKHNQHHV7KHODWWHUPDQRHXYUHZDVLQFOXGHGLQDODWHUHGLWLRQUHSODFLQJD
WHVWRIGRUVLIOH[LRQRIWKHDQNOHZLWKHYHUVLRQRIWKHIRRW)LJXUH7KHUDQJHRI
WKH%HLJKWRQVFRUHFKDQJHGLQWRDJUDGHV\VWHPDQGQRFXWRIIYDOXHVZHUH
GHWHUPLQHG$FXWRIIYDOXHRIRUPRUHLVRIWHQXVHGLQWKHOLWHUDWXUHEXWDVFODLPHG
E\ VRPHDXWKRUV WKLV YDOXH LV SUREDEO\ WRR ORZDV WRRPDQ\DUH WKHQGHILQHGZLWK
MRLQW K\SHUPRELOLW\ ,W KDV DOVR EHHQ GLVFXVVHG ZKHWKHU WR XVH GLIIHUHQW FXWRII
YDOXHVIRUGLIIHUHQWDJHJURXSV
 
Figure 21 The Beighton test assesses joint hypermobility: 1) touching the floor with the 
palms of the hands with the knees straight, 2) hyperextension of the knees, 3) 
hyperextension of the elbows, 4) touching the forearm with the thump, and 5) 
dorsalflexion of the fifth finger more than 90 degrees. 

8.3 DIGITAL MEASUREMENT PROGRAMME 
6HYHUDOUDGLRJUDSKLFPDUNHUVDUHRILQWHUHVWZKHQMXGJLQJZKHWKHUDKLSLVG\VSODVWLF
RU QRW 7KH WLPHFRQVXPLQJPHDVXUHPHQW SURFHVV RIPDQ\ RI WKHVHPDUNHUV SDUWO\
H[SODLQVZK\DGLJLWDOPHDVXUHPHQWSURJUDPPHIRUKLSG\VSODVLDKDVEHHQGHYHORSHG
DW WKH 8QLYHUVLW\ RI ,RZD +RVSLWDO DQG &OLQLFV ,RZD &LW\ 8QLWHG 6WDWHV
''+B$GXOW






 
Figure 22 The digital measurement programme 
7KHSURJUDPPHXVHVDQWHURSRVWHULRUSHOYLFUDGLRJUDSKVVWRUHGDV',&20ILOHV7KH
UDGLRJUDSKVDUHRSHQHGLQWKHSURJUDPPHDQGVSHFLILFODQGPDUNVDUHPDUNHGLQD
VXEVHTXHQWRUGHU)LJXUH:KHQILQLVKLQJDQLPDJHWKHSURJUDPPHDVNVLI\RX
ZDQWWRFRUUHFWDQ\RI\RXUODQGPDUNVEHIRUHWKHLPDJHLVVWRUHGDQGWKHUDGLRJUDSKLF
PHDVXUHPHQWVDUHDXWRPDWLFDOO\FDOFXODWHGDQGDGGHGWRDQ([FHOILOH
(OHYHQ UDGLRJUDSKLF PDUNHUV DOO UHOHYDQW IRU KLS G\VSODVLD DW VNHOHWDO PDWXULW\ DUH
LQFOXGHG LQ WKH SURJUDPPH 7KHVH DUH :LEHUJ¶V 6KDUS¶V DQG 2JDWD¶V DQJOHV
DFHWDEXODUURRIDQJOHRI7|QQLVIHPRUDOKHDGH[WUXVLRQLQGH[)+(,PD[LPDOZLGWK
RI WKH WHDUGURS DFHWDEXODU GHSWKZLGWK UDWLR $'5 DUWLFXORWURFKDQWHULF GLVWDQFH
$7'DQGPD[LPDOMRLQWVSDFHGLVWDQFHLQWKUHHGLIIHUHQWORFDWLRQVPHGLDOPLGGOH
DQGODWHUDO&DOFXODWLRQVIURPWKHGLJLWDOPHDVXUHPHQWSURJUDPPHFDQDOVREHOLQNHG
WRDVWUHVVSURJUDPPHGHYHORSHGLQ/MXEOMDQD6ORYHQLD
8.4 STATISTICAL ANALYSES 
,Q DOO VWXGLHV QXPHULFDO YDULDEOHVZHUH H[SUHVVHG DVPHGLDQ DQG UDQJHPHDQ DQG
VWDQGDUG GHYLDWLRQ RU PHDQ DQG UDQJH DV DSSURSULDWH &DWHJRULFDO YDULDEOHV ZHUH
GHVFULEHGDVUHODWLYHIUHTXHQFLHV
,QSDSHU, WKHSUREDELOLW\RIXQGHUJRLQJWRWDOKLSUHSODFHPHQWZDVFDOFXODWHGXVLQJ
WKH .DSODQ0HLHU PHWKRG ZLWK DJH DW WKH ILUVW UHJLVWHUHG SURVWKHVLV RSHUDWLRQ DV
 
HQGSRLQW )RU DOO LQGLYLGXDOV ZLWKRXW DQ\ SURVWKHVLV DJH DW HQG RI VWXG\ ZDV
FRQVLGHUHG WR EH D FHQVRUHG REVHUYDWLRQ &R[ UHJUHVVLRQ DQDO\VLV ZDV XVHG WR
FDOFXODWH ULVN HVWLPDWHV IRU XQGHUJRLQJ WRWDO KLS UHSODFHPHQW DW \RXQJ DJH :H
DGMXVWHGIRUVH[QHRQDWDOKLSLQVWDELOLW\DVUHJLVWHUHGLQWKH0HGLFDO%LUWK5HJLVWU\
RI1RUZD\DQGWLPHSHULRG
,QSDSHUV,,DQG,9FRPSDULVRQRIPHDQYDOXHVZDVPDGHXVLQJWWHVWVZKHUHDS
YDOXHRILQGLFDWHGDVWDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFH
,Q SDSHU ,,, WKH %ODQG$OWPDQ PHWKRG ZDV XVHG WR H[DPLQH WKH PHDQ GLIIHUHQFH
EHWZHHQ WKH PHDVXUHPHQWV ZLWK WKH FRUUHVSRQGLQJ VWDQGDUG GHYLDWLRQ RI WKH
GLIIHUHQFHGLVWULEXWLRQ:KHQZHKDGPXOWLSOHUHDGLQJVIRURQHPHWKRGREVHUYHUZH
ILUVW FDOFXODWHG WKHPHDQ IRU HDFKPHWKRGREVHUYHU RQ HDFK VXEMHFW DQG XVHG WKHVH
SDLUV RIPHDQV WR FRPSDUH WKH WZRPHWKRGVREVHUYHUV ,Q WKHVH FDVHV WKH VWDQGDUG
GHYLDWLRQKDGWREHUHFDOFXODWHGDVWKHVWDQGDUGGHYLDWLRQRIWKHGLIIHUHQFHVZDVWRR
VPDOOEHFDXVHVRPHHIIHFWRIWKHUHSHDWHGPHDVXUHPHQWHUURUKDGEHHQUHPRYHG7KH
FRUUHFWVWDQGDUGGHYLDWLRQRIGLIIHUHQFHVZDVJLYHQE\ 





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, ZKHUH6'
UHSUHVHQWHG WKH VWDQGDUG GHYLDWLRQ RI WKH PHDQ GLIIHUHQFH EHWZHHQ WKH
PHWKRGVREVHUYHUV6DQG6 WKHZLWKLQVXEMHFWVWDQGDUGGHYLDWLRQIRUHDFKPHWKRG
VHSDUDWHO\ DQG P DQG P WKH QXPEHU RI REVHUYDWLRQV RQ HDFK VXEMHFW E\ WKH
UHVSHFWLYH PHWKRGVREVHUYHUV 7KH  OLPLWV RI DJUHHPHQW ZHUH HVWLPDWHG DV WKH
PHDQ GLIIHUHQFH EHWZHHQ WKH WZR PHDVXUHPHQWV  VWDQGDUG GHYLDWLRQV 6'
7KHDVVXPSWLRQWKDWWKHDJUHHPHQWZDVVLPLODURYHUWKHUDQJHRIPHDVXUHPHQWVZDV
FKHFNHGE\SORWWLQJWKHGLIIHUHQFHVDJDLQVWWKHPHDQRIWKHWZRPHWKRGV
,QDGGLWLRQWRWKH%ODQG$OWPDQPHWKRGLQWUDFODVVFRUUHODWLRQFRHIILFLHQW,&&DQG
PLQLPDO GHWHFWDEOH FKDQJH 0'& ZHUH FDOFXODWHG LQ SDSHU ,,, 7KH ,&& ZDV
FDOFXODWHG XVLQJ D RQHZD\ UDQGRPHIIHFW$129$ WDEOH IRUPXOD ,&&  )RU
HDFK REVHUYHU WKH LQWHUPHWKRG UHOLDELOLW\ ZDV DOVR H[SUHVVHG LQ WHUPV RI ,&&
FDOFXODWHG XVLQJ WZRZD\ UDQGRPHIIHFW$129$ WDEOH IRUPXOD ,&& $7KH
$129$WDEOHVXVHGIRU,&&LQGLFHVZHUHXVHGWRFDOFXODWH0'&DVLQGLFDWHGE\GH
9HWDQGFROOHDJXHV

8.4.1 Statistical software 
0RVWDQDO\VHVZHUHSHUIRUPHGXVLQJWKHVWDWLVWLFDOVRIWZDUHSURJUDPPHV63666366
,QF&KLFDJR ,/86$9HUVLRQ  3DSHU , 63669HUVLRQ  3DSHU ,, DQG
3$6:6WDWLVWLFV9HUVLRQ3DSHU,,,DQG,9$GGLWLRQDOO\63OXV,QVLJKWIXO
&RUS 6HDWWOH :$ 86$ DQG 6WDWD 6WDWLVWLFDO 6RIWZDUH 5HOHDVH  6WDWD&RUS
&ROOHJH6WDWLRQ7;6WDWD&RUS/3ZHUHXVHG LQVWXG\ ,DQGVWXGLHV ,,,DQG
,9UHVSHFWLYHO\
8.5 APPROVALS 
7KH OLQNLQJRI WKH1RUZHJLDQ$UWKURSODVW\5HJLVWHU 1$5ZLWK WKH0HGLFDO%LUWK
5HJLVWU\RI1RUZD\0%51ZDVDSSURYHGE\WKH5HJLRQDO&RPPLWWHHIRU0HGLFDO
DQG+HDOWK5HVHDUFK(WKLFV:HVWHUQ1RUZD\DQG WKH1RUZHJLDQ'DWD ,QVSHFWRUDWH
1R7KHOLFHQVLQJWRWKH1RUZHJLDQ$UWKURSODVW\5HJLVWHUDOORZVYDOLGDWLRQ
RIWKHUHFRUGHGGDWDLQFOXGLQJWKHGLDJQRVHV$GGLWLRQDOO\WKHSDUWLFLSDQWVLQSDSHU
,,JDYHDZULWWHQLQIRUPHGFRQVHQWWKDWWKHLUKRVSLWDOPHGLFDOUHFRUGVUHJDUGLQJWKHLU
KLSGLVHDVHFRXOGEHUHYLHZHG
7KH%HUJHQ%LUWK&RKRUW6WXG\LQFOXGLQJWKH+LS3URMHFWZDVDSSURYHG
E\ WKH 5HJLRQDO &RPPLWWHH IRU 0HGLFDO DQG +HDOWK 5HVHDUFK (WKLFV :HVWHUQ
1RUZD\ 1R  DQG 1R  DQG WKH 1RUZHJLDQ 'DWD ,QVSHFWRUDWH 1R
DQG$OOSDUWLFLSDQWVLQWKH+LS3URMHFWSURYLGHGZULWWHQLQIRUPHG
FRQVHQWDFFRUGLQJWRWKH+HOVLQNLGHFODUDWLRQ1LQHVXEMHFWVSUHVHQWLQJZLWKXQFHUWDLQ
RUVHYHUHFOLQLFDODQGRUUDGLRJUDSKLFILQGLQJVUHODWHGWRKLSEDFNRUSHOYLFSDWKRORJ\
ZHUH LPPHGLDWHO\ VFKHGXOHG IRU D UDGLRORJLFDO IROORZXS FRQVXOWDWLRQ RU IRU D
FRQVXOWDWLRQ ZLWK D VHQLRU SDHGLDWULF RUWKRSDHGLF SURIHVVRU DV DSSURSULDWH 7KH
5HJLRQDO(WKLFV&RPPLWWHHDOVRDSSURYHGIXUWKHUDQDO\VHVUHJDUGLQJQRQUHVSRQGHUV
 
9. SUMMARY OF PAPERS I-IV
7KHPDLQUHVXOWVIURPWKHIRXUSDSHUV,,,,,,DQG,9DUHSUHVHQWHGEHORZ
9.1 PAPER I 
$ WRWDO RI   QHZERUQV ZHUH UHJLVWHUHG LQ WKH 0HGLFDO %LUWK 5HJLVWU\ RI
1RUZD\0%51EHWZHHQDQG2IWKHVHZHUHUHSRUWHGWR
KDYH XQVWDEOH KLSV DW ELUWK 7KH QXPEHU RI 7+5V UHJLVWHUHG LQ WKH $UWKURSODVW\
5HJLVWHUEHWZHHQDQGZDVEXWRQO\RI WKHVHERWKSULPDU\
RSHUDWLRQV DQG UHYLVLRQV KDG EHHQ SHUIRUPHG LQ WKH  SDWLHQWV  SDWLHQWV
RSHUDWHGELODWHUDOO\ERUQDIWHU-DQXDU\DQGZHUH WKXV LQFOXGHG LQERWK WKH
0%51DQG WKH1$52I WKHVH LQGLYLGXDOV&,±ZHUHERUQ
ZLWK 1+, FRPSDUHG WR   &, ± LQ WKH ZKROH 0%51 $IWHU
DGMXVWPHQW IRU JHQGHU DQG \HDU RI ELUWK ZH IRXQG D  WLPHV  &, ±
LQFUHDVHGULVNRI7+5IRUWKRVHUHSRUWHGWRKDYH1+,FRPSDUHGWRWKRVHZLWKVWDEOH
KLSV DW ELUWK S 7KH DEVROXWH ULVNVZHUH KRZHYHU ORZ &, ±
LQRIIRUFKLOGUHQZLWK1+,DQG&,±LQ
RIIRUFKLOGUHQZLWKRXWXQVWDEOHKLSVDWELUWK2IWKHSDWLHQWVUHSRUWHG
WR WKH 1$5 RQO\  KDG EHHQ GLDJQRVHG ZLWK XQVWDEOH KLSV DW ELUWK 2I WKHVH 
SDWLHQWV  XQGHUZHQW 7+5 GXH WR G\VSODVLD RI WKH KLS DQG  XQGHUZHQW 7+5 IRU
RWKHUUHDVRQV
9.2 PAPER II 
+LSG\VSODVLDDFFRXQWHGIRURIWKHKLSUHSODFHPHQWVUHFRUGHGLQ
SDWLHQWV ERUQ DIWHU -DQXDU\   DQG UHJLVWHUHG LQ WKH 1RUZHJLDQ $UWKURSODVW\
5HJLVWHU([WHQGHGPHGLFDOLQIRUPDWLRQZDVUHWULHYHGIRUKLSVPLVVLQJ2I
WKHVH  7+5V WKH G\VSODVLD GLDJQRVLV ZDV FRQILUPHG E\ PHGLFDO QRWHV LQ 
KLSVSDWLHQWV

0HGLDQDJHDWWKHWLPHRIGLDJQRVLVRIKLSG\VSODVLDZDV±\HDUV\HDUV
IRU IHPDOHV DQG  IRU PDOHV ZLWK WKH PRUH FRPPRQ V\PSWRPVILQGLQJV DW
SUHVHQWDWLRQEHLQJOLPSKLSSDLQDQGUHGXFHGKLSDEGXFWLRQ
'DWDRQSUHYLRXVKLSSUHVHUYLQJWUHDWPHQWERWKVXUJHU\DQGQRQRSHUDWLYHWUHDWPHQW
ZHUH UHWULHYHGIRURI WKHFRQILUPHGG\VSODVWLFKLSV 3UHYLRXVVXUJHU\
ZDVUHSRUWHGIRURIWKHKLSVIHPXURVWHRWRP\EHLQJWKHPRVWFRPPRQDQGVHHQ
LQ   RI  VXUJLFDO SURFHGXUHV PRUH WKDQ RQH SURFHGXUH GXULQJ HDFK
RSHUDWLRQZDVSRVVLEOH,QKLSVSDWLHQWVRIWKHWRWDOHDUO\DEGXFWLRQWUHDW
PHQWZLWKD)UHMNDSLOORZZDVJLYHQEXWDOORIWKHPZHUHLQQHHGRIKLSSUHVHUYLQJ
VXUJHU\ODWHU LHQRQHRIWKRVHUHSRUWHGZLWKD7+5KDGRQO\EHHQWUHDWHGZLWKWKH
)UHMNDSLOORZ
7KHPHDQ (4' LQGH[ IRU PHQ VFRUH    ZDV VOLJKWO\ EHWWHU WKDQ IRU ZRPHQ
VFRUH  EXW WKHGLIIHUHQFHZDVQRW VWDWLVWLFDOO\ VLJQLILFDQW S 7KH VHOI
UHSRUWHGKHDOWKVLWXDWLRQIRUSDWLHQWVZKRZHUHRSHUDWHGGXHWR''+VFRUH ZDV
ZRUVH WKDQ WKDW UHSRUWHG IRU WKH JHQHUDO SRSXODWLRQ DJHG IURP  WR  \HDUV LQ
6ZHGHQVFRUH SDQGLQWKH8QLWHG.LQJGRPVFRUH S
9.3 PAPER III 
$WRWDORIUDGLRJUDSKVZHUHPHDVXUHGPDQXDOO\LQ$JID:HERQRFFDVLRQV
DQG LQ D GLJLWDO PHDVXUHPHQW SURJUDPPH RQ  RFFDVLRQV E\ WKUHH REVHUYHUV
LQGHSHQGHQWO\(OHYHQUDGLRORJLFDOPHDVXUHPHQWVDOOUHOHYDQWIRUKLSG\VSODVLDZHUH
HYDOXDWHG /DUJH YDULDWLRQV DPRQJ WKH GLIIHUHQW UDGLRORJLFDO PHDVXUHPHQWV ZHUH
IRXQG +RZHYHU WKH YDULDWLRQ ZDV QRW UHODWHG WR WKH XVH RI PDQXDO RU D GLJLWDO
PHDVXULQJWHFKQLTXH)RUPHDVXUHPHQWVZLWKJUHDWHUDEVROXWHYDOXHV6KDUS¶VDQJOH
IHPRUDOKHDGH[WUXVLRQ LQGH[DQGDFHWDEXODUGHSWKZLGWK UDWLR WKH LQWHUDQG LQWUD
REVHUYHUDQGLQWHUPHWKRGDJUHHPHQWVZHUHEHWWHUWKDQIRUPHDVXUHPHQWVZLWKORZHU
DEVROXWHYDOXHVDFHWDEXODUURRIDQJOHWHDUGURSDQGMRLQWVSDFHZLGWK
0HDVXULQJWLPHZDVVKRUWHUIRUWKHGLJLWDOWHFKQLTXHDSSUR[LPDWHO\PLQWKDQIRU
WKHPDQXDOWHFKQLTXHDSSUR[LPDWHO\PLQVHF
 
9.4 PAPER IV 
7KHVWXG\DLPHGWRUHSRUWRQWKHSUHYDOHQFHRIUDGLRORJLFDOIHDWXUHVDVVRFLDWHGZLWK
KLS G\VSODVLD LQ D SRSXODWLRQ RI  \HDUROG 1RUZHJLDQV +LS G\VSODVLD ZDV
GHILQHG E\ 6KDUS¶V DQJOH ! DFHWDEXODU GHSWKZLGWK UDWLR $'5 
:LEHUJ¶V &( DQJOH  IHPRUDO KHDG H[WUXVLRQ LQGH[ )+(,  RU D
G\VSODVWLFVKDSHRIWKHVRXUFLOMXGJHGVXEMHFWLYHO\7KHSURSRUWLRQRIG\VSODVWLFKLSV
LQ RXU FRKRUW YDULHG GHSHQGLQJ RQ WKH UDGLRORJLFDO PHDVXUHPHQWV DSSOLHG UDQJLQJ
IURP WR$OO SDUDPHWHUV H[FHSW$'5ZHUHPRUH FRPPRQO\ VHHQ DPRQJ
IHPDOHVWKDQPDOHV:LEHUJ¶V&(DQJOHZDVIRXQGLQRIWKHFRKRUW
LQIHPDOHVDQGLQPDOHV%\XVLQJDFXWRIIYDOXHIRU:LEHUJ¶V&(DQJOHRI
RI WKH FRKRUWZDV GHILQHGZLWK D SDWKRORJLFDO DQJOH RI WKH IHPDOHV DQG
LQPDOHV$SDWKRORJLFDO6KDUS¶VDQJOHZDVFRPPRQDPRQJERWKIHPDOHV
DQGPDOHV








Figure 23 Types of research design. From Altman DG. Practical Statistics for Medical 
research. Chapman & Hall 1991. 
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10. GENERAL DISCUSSION
10.1 METHODOLOGICAL CONSIDERATIONS 
10.1.1 Study design 
0HGLFDO UHVHDUFK LV FRQGXFWHG LQ RUGHU WR UHYHDO QHZ LQIRUPDWLRQ RQ KHDOWK DQG
GLVHDVHV 7KH GLIIHUHQW DQDO\WLFDO DSSURDFKHV FDQ EDVLFDOO\ EH FDWHJRULVHG LQWR WZR
JURXSVexperimental studies DQGobservational studies ,Q H[SHULPHQWDO VWXGLHV WKH
UHVHDUFKHU DIIHFWV FRQWUROVZKDW KDSSHQV WR DOO RU VRPH RI WKH LQGLYLGXDOV ,Q DQ
REVHUYDWLRQDOVWXG\WKHUHVHDUFKHUFROOHFWVLQIRUPDWLRQDERXWRQHRUPRUHJURXSVRI
VXEMHFWVEXWGRHVQRWLQIOXHQFHHYHQWV)XUWKHUWKHVWXG\GHVLJQFDQEHFODVVLILHGDV
HLWKHUprospectiveRUretrospectiveRUDVlongitudinalRUcross-sectional )LJXUH
7KHPRVW DSSURSULDWH GHVLJQ IRU WKH VWXG\ZLOO GHSHQGXSRQZKDW LV EHLQJ VWXGLHG
HJRFFXUUHQFHVFDXVDWLRQVGLDJQRVWLFVRUSURJQRVHV
Experimental studies LQFOXGH UDQGRPLVHG FRQWUROOHG WULDOV 5&7 DQG LQWHUYHQWLRQDO
VWXGLHV 5&7V DUH RIWHQ FODLPHG WR EH WKH JROG VWDQGDUG LQ PHWKRGV WR HYDOXDWH
KHDOWKFDUHLQWHUYHQWLRQV,IFRUUHFWO\GHVLJQHGDQGZLWKDGHTXDWHSRZHUWKH\DUHWKH
EHVWPHWKRG IRU FRPSDUDWLYH WULDOV DQG WKH\ HOLPLQDWH WKH SUREOHP RI ELDV.QRZQ
DQGXQNQRZQSURJQRVWLFIDFWRUVDUHHTXDOLQWKHWZRJURXSVFRPSDUHGDQGEOLQGLQJ
LVSRVVLEOHLQVRPHFDVHV%XW5&7VDUHH[SHQVLYHDQGUHTXLUHFRQVLGHUDEOHWLPHIRU
 
ERWKSODQQLQJDQGLPSOHPHQWDWLRQ7KHVWXG\SRSXODWLRQVDUHRIWHQKLJKO\VHOHFWLYH
DQGWKHWULDOVPD\XVHRQO\VHOHFWHGVSHFLDOLVHGVWXG\FHQWUHV,QVRPHFDVHVLQGXVWU\
VSRQVRUVWKHWULDOVZLWKWKHUHVXOWVWKDWVWXGLHVZLWKHFRQRPLFLQWHUHVWVDUHSHUIRUPHG
PRUH IUHTXHQWO\ 7KHUHPD\ EH VXUURJDWH HQGSRLQWV DQG VRPHWLPHV WKH5&7V DUH
SUHPDWXUHO\GLVFRQWLQXHGGXHWRVORZUHFUXLWPHQWRUHFRQRPLFUHDVRQV)XUWKHUPRUH
5&7VDUHQRWSRVVLEOHIRUDOOUHVHDUFKTXHVWLRQV
Observational studiesLQFOXGHFURVVVHFWLRQDOVWXGLHVFDVHFRQWUROVWXGLHVDQGFRKRUW
VWXGLHV2EVHUYDWLRQDOVWXGLHVKDYHORZHUFRVWVWKDQ5&7VJUHDWHUWLPHOLQHVVDQGD
EURDGHU UDQJH RI SDWLHQWV ,Q FURVVVHFWLRQDO VWXGLHV K\SRWKHVHV DUH VWXGLHG LQ D
FURVVVHFWLRQRI WKHSRSXODWLRQ7KLVJLYHV D SLFWXUHRI WKH FXUUHQW LQIRUPDWLRQ EXW
FDQQRWH[SODLQFDXVHV&DVHFRQWUROVWXGLHVDUHUHWURVSHFWLYHDV³FDVHV´GLVHDVHDUH
FRPSDUHGZLWK³FRQWUROV´KHDOWK\LQRUGHUWRGHWHFWGLIIHUHQFHV7KLVVWXG\GHVLJQLV
VXLWDEOHIRUUDUHFRQGLWLRQVEXWLVLQIOXHQFHGE\ELDVDQGFDUHPXVWEHH[SHULHQFHGLQ
FKRRVLQJ DSSURSULDWH ³FRQWUROV´$ FRKRUW VWXG\ LV SURVSHFWLYH FRPSDULQJ D JURXS
ZLWK D VSHFLILF FKDUDFWHULVWLFH[SRVXUH ZLWK D JURXS ZLWKRXW WKLV
FKDUDFWHULVWLFH[SRVXUH6XFKVWXGLHVDUHRIWHQGHPDQGLQJDQGH[SHQVLYH
3DSHU , LV D SURVSHFWLYH FRKRUW VWXG\ RI DOO SHUVRQV UHJLVWHUHG LQ WKH0HGLFDO%LUWK
5HJLVWU\ RI 1RUZD\ 0%51 LQ WKH SHULRG  $V QHZERUQV WKH\ ZHUH
FDWHJRULVHG DFFRUGLQJ WRZKHWKHU WKH\KDG LQVWDEOHKLSV 1+,RU QRW5HSRUWLQJ WR
WKH UHJLVWU\ LV FRPSXOVRU\ 7KH 0%51 GDWD ILOH ZDV OLQNHG WR WKH 1RUZHJLDQ
$UWKURSODVW\5HJLVWHU1$5XVLQJWKHXQLTXHQDWLRQDO LGHQWLW\FRGHDQGDSULPDU\
WRWDOKLS UHSODFHPHQW 7+5ZDVXVHGDVDQHQGSRLQW5HSRUWLQJ WR WKH1$5LVQRW
FRPSXOVRU\ EXW LW KDV EHHQ HVWLPDWHG WKDW DW OHDVW  RI MRLQW UHSODFHPHQWV DQG
RI7+5VSHUIRUPHG LQ1RUZD\ DUH UHSRUWHG7KH KLJK UHSRUWLQJ UHGXFHV WKH
ULVNRIVHOHFWLRQELDVLQWKLVVWXG\5HJDUGLQJLQIRUPDWLRQELDVQHLWKHUWKHG\VSODVLD
GLDJQRVLVLQWKH0%51QRULQWKH1$5ZDVYDOLGDWHGDWWKLVWLPH7KHGHILQLWLRQRI
KLSLQVWDELOLW\UHJLVWHUHGLQWKH0%51PD\YDU\E\ERWKKRVSLWDODQGSK\VLFLDQ7KLV
VKRXOG WKHUHIRUH EH FRQVLGHUHGZKHQ WKH UHVXOWV DUH LQWHUSUHWHG &ODVVLILFDWLRQ ELDV
ZDVPLQLPLVHGVLQFHKLSLQVWDELOLW\ZDVHYDOXDWHGUHJDUGOHVVRIWKHRXWFRPHZKHWKHU
WKHKLSQHHGHGD7+5LQWKHIXWXUHRUQRW$7+5ZDVXVHGDVWKHHQGSRLQWDQGLVDQ

REMHFWLYHRXWFRPHKRZHYHUWKHLQGLFDWLRQVIRUD7+5SURFHGXUHPD\EHHYDOXDWHG
GLIIHUHQWO\7KHULVNHVWLPDWHVIRUXQGHUJRLQJ7+5DWD\RXQJDJHZHUHDGMXVWHGIRU
VH[1+,DQGWLPHSHULRGLQRUGHUWRUHGXFHWKHULVNRIFRQIRXQGHUV
,Q SDSHU ,, D UHWURVSHFWLYH GHVLJQ ZDV XVHG ZLWK D FURVVVHFWLRQDO IROORZXS $OO
SDWLHQWVXQGHUWKHDJHRIUHJLVWHUHGZLWKDWRWDOKLSUHSODFHPHQWLQWKH1RUZHJLDQ
$UWKURSODVW\5HJLVWHUZHUHFRQWDFWHGE\SRVWDQGDVNHGWRILOOLQDTXHVWLRQQDLUH7KH
QRQUHVSRQGHUVGLIIHUHGIURPWKHUHVSRQGHUVUHJDUGLQJJHQGHUDVIHPDOHVZHUHPRUH
SURQHWRDQVZHU7KHVDPH WHQGHQF\KDVEHHQGHPRQVWUDWHGLQRWKHUVWXGLHV7KH
TXHVWLRQQDLUHVUHJDUGLQJWKHLULQLWLDOKLSGLVHDVHLQWURGXFHWKHSUREOHPRIUHFDOOELDV
+RZHYHU WKH RQO\ UHWURVSHFWLYH LQIRUPDWLRQ XVHG LQ WKH SDSHU ZDV ZKHWKHU WKH\
FRQILUPHGWKHGLDJQRVLVUHVXOWLQJLQDWRWDOKLSUHSODFHPHQWDVUHJLVWHUHGLQWKH1$5
)RUDOOSDWLHQWVZLWKFKLOGKRRGKLSGLVHDVHV WKLVZDVDOVRFKHFNHGZLWKLQIRUPDWLRQ
LQPHGLFDO UHFRUGVRI WKH UHVSHFWLYHKRVSLWDOV$GGLWLRQDOO\ WKHPHGLFDO UHFRUGV IRU
HJSDWLHQWVZLWKKLSG\VSODVLDZHUH UHYLHZHG WR ILQGDJHDWGLDJQRVLV$OVR LQ WKLV
SDSHUWKHKLJKUDWHRIUHSRUWLQJWRWKH1$5UHGXFHVWKHULVNRIVHOHFWLRQELDV%XW
RI  SDWLHQWV  GLG QRW SHUPLW UHYLHZ RI WKHLU PHGLFDO UHFRUGV DQG WKHVH
SDWLHQWVZHUHH[FOXGHGIURPWKHVWXG\)LYHRIWKHSDWLHQWVKDGWKHLU7+5
GXHWRKLSG\VSODVLDEXWWKHFRUUHVSRQGLQJSHUFHQWDJHRI7+5GXHWRKLSG\VSODVLDLQ
WKHFRKRUWZDV7KLVLQGLFDWHVWKDWIHZHURIWKHG\VSODVLDSDWLHQWVZHUHH[FOXGHG
DVFRPSDUHGWRSDWLHQWVZLWKRWKHUGLDJQRVHVPLQLPDOLVLQJWKHULVNRIVHOHFWLRQELDV
,QSDSHU,,,ZHDLPHGWRWHVWWKHLQWHUDQGLQWUDREVHUYHUDQGLQWHUPHWKRGUHOLDELOLW\
IRU GLIIHUHQW UDGLRORJLFDO PHDVXUHPHQWV DOO UHOHYDQW IRU KLS G\VSODVLD 7KH
UDGLRJUDSKV ZHUH GUDZQ IURP SDUWLFLSDQWV WDNLQJ SDUW LQ WKH  +LS 3URMHFW D
IROORZXSRID ODUJH5&7RQVFUHHQLQJVWUDWHJLHVIRUKLSG\VSODVLD7KHGDWDVHWZDV
EDODQFHG E\ RYHUVDPSOLQJ G\VSODVWLF KLSV DV MXGJHG E\ DQ H[SHULHQFHG SDHGLDWULF
PXVFXORVNHOHWDO UDGLRORJLVW .5 ZKR GLG QRW WDNH SDUW LQ WKH UHDGLQJV 7KLV ZDV
GRQH WR HQVXUH WKDW D VXEVWDQWLDO QXPEHU RI G\VSODVWLF KLSV ZHUH LQFOXGHG LQ WKH
YDOLGDWLRQ $OO UDGLRJUDSKV ULJKW DQG OHIW KLSV ZHUH PHDVXUHG E\ WKUHH REVHUYHUV
LQGLYLGXDOO\ 7ZR REVHUYHUV ,( DQG /%/ PHDVXUHG WKH UDGLRJUDSKV IRXU WLPHV
WZLFH XVLQJ D GLJLWDO PHDVXUHPHQW SURJUDPPH DQG WZLFH PDQXDOO\ XVLQJ WKH
 
$JID:HE  V\VWHP $ WKLUG REVHUYHU 7*/ PHDVXUHG DOO LPDJHV WKUHH WLPHV
WZLFHXVLQJWKHGLJLWDOWHFKQLTXHDQGRQFHXVLQJWKHPDQXDO$JID:HEV\VWHP
%HIRUHSHUIRUPLQJWKHPHDVXUHPHQWVDOOWKUHHREVHUYHUVGLVFXVVHGDQGDJUHHGRQWKH
SUHFLVHGHILQLWLRQVRIODQGPDUNVWREHXVHGIRUDOOWKHPHDVXUHPHQWV$OOUDGLRJUDSKV
ZHUHSHUIRUPHGE\RQHVSHFLDOO\WUDLQHGUDGLRJUDSKHUXVLQJDZHOOGHILQHGSURWRFRO
UHGXFLQJWKHULVNRIV\VWHPDWLFHUURUV
3DSHU,9LVDOVREDVHGRQGDWDIURPWKH+LS3URMHFWFRPSULVLQJDOOSDUWLFLSDQWV
ERUQLQ%HLQJD IROORZXSVWXG\ LWFDQEHFRQVLGHUHGDVDSURVSHFWLYHFRKRUW
GHVLJQEXWDVRQO\LQIRUPDWLRQDWIROORZXSZDVXVHGLQWKLVSDSHUDFURVVVHFWLRQDO
GHVLJQLVDPRUHDSSURSULDWHGHVFULSWLRQ+RZHYHUWKHSUHYDOHQFHVZHUHDGMXVWHGIRU
QRQUHVSRQGHUVXVLQJGDWD IURPWKH0HGLFDO%LUWK5HJLVWU\RI1RUZD\ 0%51RQ
JHQGHUELUWKZHLJKWPDWHUQDODJHPDULWDOVWDWXVSDULW\IRHWDOSRVLWLRQDQGPXOWLSOH
ELUWKV 7KH UHVXOWVZHUH QRW DGMXVWHGZLWK GDWD IURP WKH QHZERUQ SHULRG DV WKHVH
GDWDZHUHQRWDYDLODEOHDWWKDWWLPH7KLVZDVKRZHYHUGRQHLQDQRWKHUVWXG\RQWKH
VDPH FRKRUW DQG GLG QRW VLJQLILFDQWO\ LQIOXHQFH WKH UHVXOWV 7KH UHVSRQVH UDWH DW
IROORZXSZDVIRUIHPDOHVDQGIRUPDOHV$VKLSG\VSODVLD LVPRUH
FRPPRQ DPRQJ IHPDOHV LW ZDV LPSRUWDQW WKDW WKH SUHYDOHQFHV ZHUH DGMXVWHG
DFFRUGLQJWRJHQGHU7KHSUHGRPLQDQFHRIIHPDOHDWWHQGHUVLVDIUHTXHQWVLWXDWLRQDQG
GHVFULEHG E\+LOO HW DO EXWZH GRXEW WKDW RXU UHVXOWV KDYH EHHQ LQIOXHQFHG E\ D
VHOHFWLRQELDVGXHWRWKLVSUHGRPLQDQFH

10.1.2 Health registry studies – pros and cons 
$EDVLFSUHPLVHRI HSLGHPLRORJ\ LV WR VWXG\ WKHGLVWULEXWLRQ DQGSDWWHUQVRIKHDOWK
VWDWHVRUKHDOWKUHODWHGFRQGLWLRQVDQGWKHLUFDXVHVRULQIOXHQFHVLQDSRSXODWLRQ%\
XVLQJKHDOWKUHJLVWULHVPHGLFDOGLVHDVHVDQGWUHDWPHQWPRGDOLWLHVFDQEHVWXGLHG7KH
UHJLVWULHV DUH VXLWDEOH DV WKH\ LQFOXGH DQ XQVHOHFWHG SRSXODWLRQ DQG WKH UHVXOWV DUH
FRQVHTXHQWO\ JHQHUDOLVDEOH WR DOO SDWLHQWV 7KH ODUJH QXPEHU RI SDWLHQWV UHJLVWHUHG
DOORZV IRU WKH FROOHFWLRQ RI LQIUHTXHQW HYHQWV )XUWKHU WKH VWXGLHV DUH UHODWLYHO\
LQH[SHQVLYHDQGWKHXVHRIFOLQLFDOO\LPSRUWDQWKDUGHQGSRLQWVLVSRVVLEOH+RZHYHU

VRPHZHDNQHVVHVRIUHJLVWU\VWXGLHVPD\EHPHQWLRQHG)LUVWO\WKHTXDOLW\RIGDWDLV
LQIHULRUWRWKDWHJFOLQLFDOWULDOVGHVLJQHGWRVWXG\DVSHFLILFTXHVWLRQ6HFRQGO\WKH
XVH RI GDWD LQ WKH UHJLVWULHV IRU UHVHDUFK SXUSRVHV FDQ EH FKDOOHQJLQJ DV VRPH
DXWKRULWLHVSHUFHLYHWKHUHJLVWULHVDVDWKUHDWWRSULYDF\7KLUGO\FRQIRXQGLQJIDFWRUV
DUH LPSRVVLEOH WR DGMXVW IRU GHVSLWH FRPSOH[ VWDWLVWLFDO PHWKRGV 2IWHQ DGYDQFHG
VWDWLVWLFVZLWKPXOWLYDULDWHDQDO\VHVDUHXVHGZKLFKFDQEHGLIILFXOWWRXQGHUVWDQGDQG
LQWHUSUHW
7KH KHDOWK UHJLVWULHV DUH LPSRUWDQW IRU HSLGHPLRORJLFDO DQG PHGLFDO UHVHDUFK LQ
1RUZD\ &RPELQHG ZLWK WKH XQLTXH QDWLRQDO LGHQWLW\ QXPEHU ELREDQN GDWD DQG
KHDOWK GDWD IURP ODUJH SRSXODWLRQ VWXGLHV WKH UHJLVWHUV SURYLGH 1RUZD\ ZLWK
RXWVWDQGLQJ UHVHDUFK SRVVLELOLWLHV RI KLJK TXDOLW\ 7KHUH DUH WKLUWHHQ PDQGDWRU\
QDWLRQDO KHDOWK UHJLVWULHV LQ 1RUZD\ HJ WKH 0HGLFDO %LUWK 5HJLVWU\ RI 1RUZD\
0%51 DQG PRUH WKDQ  QDWLRQDO FOLQLFDO UHJLVWULHV HJ WKH 1RUZHJLDQ
$UWKURSODVW\5HJLVWHU 1$57KH IDFW WKDW1RUZD\ LV D VPDOO FRXQWU\ZLWK D
UHODWLYHO\VWDEOHDQGKRPRJHQRXVSRSXODWLRQLVDOVRDQDGYDQWDJH
0RVWVWXGLHVRULJLQDWLQJIURPWKH1$5DUHSURVSHFWLYHREVHUYDWLRQDOVWXGLHVZKHUH
WKH SDWLHQWV HQWHU ZLWK D WRWDO MRLQW UHSODFHPHQW DQG DUH IROORZHG XQWLO GHDWK RU
UHYLVLRQ%\FRPELQJGDWDIURPWKH1$5ZLWKWKH%LUWK5HJLVWU\3DSHU,WKHVDPH
VWXG\GHVLJQZDVXVHGEXWWKHSDWLHQWVHQWHUWKHVWXG\DWELUWKZLWKWKHLUKLSVWDELOLW\
VWDWXVDQGDUHIROORZHGXQWLOGHDWKRULQVHUWLRQRIDWRWDOKLSUHSODFHPHQW8QLTXHWR
WKH ELUWK UHJLVWU\ LQ 1RUZD\ DQG WKH RWKHU 1RUGLF FRXQWULHV DUH WKH GDWD RQ ULVN
IDFWRUV KHDOWK HJ KLS LQVWDELOLW\ DQG KHDOWK RXWFRPHV WKDW DUH FROOHFWHG IRU HDFK
ELUWK DQGFDQ EH OLQNHG WRRWKHU UHJLVWULHV DQGSDVW RU IXWXUH HYHQWV7KH HQRUPRXV
YROXPHRIGDWDIURPHDFKUHJLVWU\FDQEHFRPELQHGLQQHZLQWHUHVWLQJZD\VXWLOLVLQJ
WKHH[WHQVLYHSRVVLELOLWLHVRIWKHGDWDDQGRSHQLQJIRULQWHUGLVFLSOLQDU\FROODERUDWLRQ

 
10.1.3 Quality of register data 
7KH YDULRXV KHDOWK UHJLVWULHV LQ 1RUZD\ SURYLGH GDWD IRU PDQ\ LPSRUWDQW VWXGLHV
+RZHYHULQRUGHUWRGUDZFRUUHFWFRQFOXVLRQVLWLVHVVHQWLDOWKDWWKHGDWDLVRIKLJK
TXDOLW\DVWKHUHDUHVHYHUDOSRWHQWLDOVRXUFHVRIHUURUZKHQLQWHUSUHWLQJWKHUHVXOWVRI
HSLGHPLRORJLFDOVWXGLHV
Information biasRFFXUVZKHQDQH[SRVXUHRUGLVHDVH LV LQFRUUHFWO\ UHJLVWHUHG7KLV
FDQ EH FDXVHG E\ PLVWDNHV PDGH E\ WKH UHSRUWLQJ SK\VLFLDQ RU RWKHU KHDOWK FDUH
ZRUNHUVRUE\WKHWHFKQLFDOVWDIIDWWKHUHJLVWU\$EDGO\GHVLJQHGUHJLVWUDWLRQIRUP
PD\DOVRLQFUHDVHWKHULVNRILQFRUUHFWUHSRUWLQJ$SDSHUIRUPLVXVHGWRUHSRUWWRWKH
1RUZHJLDQ $UWKURSODVW\ 5HJLVWHU 1$5 DQG ZDV DOVR SUHYLRXVO\ XVHG LQ WKH
0HGLFDO%LUWK5HJLVWU\RI1RUZD\0%517KHIRUPVDUHSORWWHGE\WKHVHFUHWDU\LQ
WKH1$5 DQG WKLVZDV DOVR GRQH LQ WKH0%51XQWLO'HFHPEHU ZKHQ D QHZ
UHSRUWLQJ IRUP ZDV LQWURGXFHG )URP WKHQ WKH IRUPV ZHUH HOHFWURQLFDOO\ UHDG EXW
IURP WKH WUDQVLWLRQ WR HOHFWURQLF QRWLILFDWLRQ EHJDQ 7RGD\ DOOPDWHUQLW\ XQLWV
UHSRUW HOHFWURQLFDOO\ 7KH GLIIHUHQW UHJLVWUDWLRQ PHWKRGV KDYH WKHLU EHQHILWV DQG
GLVDGYDQWDJHV %\ SORWWLQJ WKH GDWDPDQXDOO\ DQ H[WUD SHUVRQ KDQGOLQJ WKH GDWD LV
LQWURGXFHGDQGWKHULVNRI LQFRUUHFWUHJLVWUDWLRQLQFUHDVHV+RZHYHU WKLVSHUVRQFDQ
DOVRVHQVHZHDNQHVVHVLQWKHUHJLVWUDWLRQIRUPDQGHQVXUHWKDWLWLVFRUUHFWHGDVQHZ
WUHQGV HJ VXUJLFDO SURFHGXUHV PD\ UHTXLUH UHJXODU XSGDWLQJ RI WKH IRUP ,Q WKH
IXWXUH KRZHYHU SUDFWLFDOO\ DOO UHSRUWLQJ WR WKH UHJLVWULHV ZLOO SUREDEO\ EH GRQH
HOHFWURQLFDOO\,QWKLVZD\ELDVUHODWHGWRWKHUHJLVWUDWLRQSURFHVVLVHOLPLQDWHGDQGLW
SURYLGHV VDYLQJV LQ WHUPVRI UHGXFHG VHFUHWDULDO H[SHQVHV(OHFWURQLF UHSRUWLQJZLOO
DOVRUHGXFHWKHGHOD\IURPWKHHYHQWXQWLOLWLVUHJLVWHUHG%XWFRQYHUWLQJWRUHSRUWLQJ
HOHFWURQLFDOO\VKRXOGQRWEHLPSOHPHQWHGXQWLOWKHQHZV\VWHPLVERWKDVHIIHFWLYHDV
WKH WUDGLWLRQDORQHDQGDOVR DVFRQYHQLHQW IRU WKHKHDOWKZRUNHU ILOOLQJ LQ WKH IRUP
7KHUHKDYHEHHQPDQ\FKDOOHQJHVUHODWHGWRWKHHOHFWURQLFQRWLILFDWLRQWRWKH0%51
DQG D V\VWHP RI KLJK TXDOLW\ LV LPSRUWDQW WR FRUUHVSRQG WR WKH KLJK TXDOLW\ RI WKH
UHFRUGHGGDWD

7KHGLDJQRVHVUHSRUWHGWR WKH1$5KDYHRQO\EHHQYDOLGDWHGIRUVXEMHFWVDJHG
\HDUV DW WKH WLPH RI WKH SULPDU\ RSHUDWLRQ 7ZR VHSDUDWH SDSHUV KDYH EHHQ
SXEOLVKHG RQ WKLV LVVXH RQH GHDOLQJ ZLWK KLS G\VSODVLD DV DQ XQGHUO\LQJ FDXVH RI
SURVWKHVLV 3DSHU ,, DQG WKH RWKHU IRFXVLQJ RQ3HUWKHV¶ GLVHDVH DQG VOLSSHG FDSLWDO
IHPRUDOHSLSK\VLV$WRWDORIRISDWLHQWVUHJLVWHUHGZLWKDSULPDU\
WRWDOKLSUHSODFHPHQWLQWKH1$5DQGERUQDIWHUZHUHLQFOXGHGLQWKHVWXG\ZLWK
TXHVWLRQQDLUHV DQG PHGLFDO UHFRUGV 7KH GLDJQRVHV UHSRUWHG WR WKH 1$5 ZHUH
FRQILUPHGDVFRUUHFW LQRIDOOFDVHV7KHG\VSODVLDGLDJQRVLVZDVFRQILUPHGLQ
 ZKHUHDV RQO\  RI WKH KLSV UHSRUWHG DV SULPDU\ RVWHRDUWKULWLV ZHUH
FRQILUPHG &RUUHFWQHVV RI  IRU DOO XQGHUO\LQJ GLDJQRVHV LV DFFHSWDEOH DQG
FRUUHVSRQGVZHOOZLWKWKHILQGLQJVRID'DQLVKVWXG\,QWKDWVWXG\PHGLFDOUHFRUGV
DQG SUHRSHUDWLYH UDGLRJUDSKV IURP  SDWLHQWV LQ WKH 'DQLVK +LS $UWKURSODVW\
5HJLVWHUZHUH UHYLHZHG JLYLQJ D SRVLWLYH SUHGLFWLYH YDOXH 339 IRU DOO UHJLVWHUHG
GLDJQRVHVRI)RUKLSG\VSODVLDWKH'DQLVKVWXG\UHSRUWHGD339RI
&,IRUFRQJHQLWDOKLSGLVORFDWLRQDQG&,IRUDFHWDEXODU
G\VSODVLDFRUUHVSRQGLQJZHOOZLWKRXUUHVXOWV,QWKH1$5WKHG\VSODVLDGLDJQRVLVLV
DOVR JURXSHG LQWR WZR FDWHJRULHV VHTXHODH G\VSODVLD DQG VHTXHODH G\VSODVLD ZLWK
GLVORFDWLRQ $IWHU UHYLHZLQJ PHGLFDO UHFRUGV ZH QRWLFHG WKDW WKH WHUP ³G\VSODVLD
ZLWKGLVORFDWLRQ´ZDVFRQIXVLQJDVWRZKHWKHULWGHVFULEHGDGLVORFDWLRQDWWKHWLPHRI
RSHUDWLRQ RU D GLVORFDWLRQ HDUOLHU LQ OLIH7R KDQGOH WKH VLWXDWLRQ WKH WZR G\VSODVLD
DOWHUQDWLYHVZHUHPHUJHGLQWRRQHRXWSXWFDOOHG³KLSG\VSODVLD´
9DOLGDWLRQ RI RWKHU SDUDPHWHUV WKDQ WKH GLDJQRVLV UHSRUWHG WR WKH 1$5 KDV EHHQ
SHUIRUPHG E\ $UWKXUVVRQ DQG FROOHDJXHV 7KH\ YDOLGDWHG  RSHUDWLRQV
SHUIRUPHG DW RQH KRVSLWDO LQ1RUZD\ 6WDYDQJHU8QLYHUVLW\+RVSLWDO LQ WKH SHULRG
 DQG UHJLVWHUHG LQ WKH1$5 7KLV FRQVWLWXWHG  RI WKH WRWDO QXPEHU RI
RSHUDWLRQVUHSRUWHGWRWKHUHJLVWHUIRUWKHVDPHSHULRG,QWKHORFDOKRVSLWDOGDWDEDVH
RSHUDWLRQVZHUHUHJLVWHUHGWKXVRSHUDWLRQVZHUHPLVVLQJLQWKH1$5
GDWDEDVH'DWHRIRSHUDWLRQLQFRUUHFW LQGH[KLS OHIWULJKW LQFRUUHFW
DQG UHRSHUDWLRQ UDWH PLVVLQJZHUH DOVR YDOLGDWHG ,Q FRQFOXVLRQ WKH\ IRXQG
WKHLQIRUPDWLRQUHFRUGHGLQWKH1$5WREHYDOLGDQGUHOLDEOHWKURXJKRXWWKHSHULRG
 
8QIRUWXQDWHO\WKHUHDUHQRYDOLGDWLRQVWXGLHVRIWKHQHRQDWDOKLSLQVWDELOLW\GLDJQRVLV 
LQ WKH 0%51 +RZHYHU WKH UHJLVWHU KDV GLIIHUHQW DODUPV GHVLJQHG WR GHWHFW QHZ 
WUHQGVLQWKHGDWD$PRQJQXPHURXVIDOVHDODUPVWKURXJKWKH\HDUVKLSG\VSODVLDZDV 
VRXUFHWRDUDWKHUFXULRXVHSLGHPLF7KHUHDVRQZDVUHYHDOHGWREHDVSHFLDOLVWFRXUVH 
IRU QHRQDWRORJLVWV LQ ZKLFK QHZ GLDJQRVWLF FULWHULD KDG EHHQ LQWURGXFHG %XW LQ 
DGGLWLRQ WR WKLV SHDN WKH DQQXDOO\ UHSRUWHG QXPEHU RI SDWLHQWV ZLWK KLS LQVWDELOLW\ 
YDULHVZLGHO\7KLVYDULDWLRQSUREDEO\GRHVQRWUHIOHFWDUHDOYDULDWLRQLQSUHYDOHQFH 
EXWFKDQJLQJGLDJQRVWLFFULWHULDDQGUHSRUWLQJSURFHGXUHV:LWKWKHLQWURGXFWLRQRID 
VHOHFWLYH KLS XOWUDVRXQG VFUHHQLQJ SURJUDPPH LQ WKH EHJLQQLQJ RI WKH V WKH 
GLDJQRVWLFV ZHUH DOWHUHG DQG QHZ URXWLQHV ZHUH LQWURGXFHG WKURXJKRXW WKH FRXQWU\ 
:KHWKHU WKH KLS LQVWDELOLW\ GLDJQRVLV UHSRUWHG WR WKH 0%51 LQFOXGHV KLSV ZLWK DQ 
DEQRUPDO XOWUDVRXQG RU QRW PD\ YDU\ DFFRUGLQJ WR WKH UHSRUWLQJ KRVSLWDO ,Q VRPH 
FDVHV WKH QHRQDWDO FOLQLFDO H[DPLQDWLRQ WDNHV SODFH SULRU WR GLVFKDUJH IURP WKH 
PDWHUQLW\XQLWDQGDQXOWUDVRXQGH[DPLQDWLRQLVSHUIRUPHGDWWKHRXWSDWLHQWFOLQLFLI 
QHHGHG,QWKHVHFDVHVWKHLQVWDELOLW\GLDJQRVLVIRUWKHUHJLVWU\PLJKWEHPLVVHG%XW 
HYHQWKRXJKWKHLQFLGHQFHRIXQVWDEOHKLSVLQWKH0%51KDVQRWEHHQYDOLGDWHGWKH 
LQFLGHQFH RI  IRXQG LQ 3DSHU , LV LQ JRRG DJUHHPHQW ZLWK WKH 
OLWHUDWXUH 7KLV LV DOVR LQ FRQFRUGDQFH ZLWK D 1RUZHJLDQ VWXG\ IURP 
 +LQGHUDNHU VWXGLHG QHRQDWDO KLS LQVWDELOLW\ LQ WKH 0%51 IRU WKH SHULRG 
 DQG IRXQG DQ RFFXUUHQFH RI  7KLV ILJXUH LV EDVHG RQ WKH VDPH 
QXPEHUV DV XVHG LQ 3DSHU , EXW ZLWK VRPH RWKHU H[FOXVLRQ FULWHULD HJ 
ROLJRK\GUDPQLRQV $QRWKHU 0%51EDVHG VWXG\ IURP  DGGUHVVLQJ QHZERUQV 
ERUQLQWKHPDWHUQLW\XQLWDW+DXNHODQG8QLYHUVLW\+RVSLWDO%HUJHQ1RUZD\IRXQG 
 ZLWK KLS LQVWDELOLW\ )XUWKHUPRUH D VWXG\ RQ FRPSOHWHQHVV RI DQRWKHU 
FRQJHQLWDOPDOIRUPDWLRQRUDOFOHIWVVKRZHGWKDWRIFDVHVRIFOHIWOLSDQGSDODWH 
ZHUH UHSRUWHG EXW WKH SHUFHQWDJH YDULHG ZLWK WKH VHYHULW\ RI WKH PDOIRUPDWLRQ 
6HYHUDORWKHUYDOLGDWLRQVWXGLHVEDVHGRQGDWDIURPWKH0%51KDYHEHHQSHUIRUPHG 
5DVPXVVHQ DQG FROOHDJXHV256 UHYLHZHG FOLQLFDO DQG DXWRSV\ GDWD IURP  
QHZERUQVLQRUGHUWRYDOLGDWHWKHGLDJQRVLVRIDQXQH[SHFWHGDQWHSDUWXPIRHWDOGHDWK 
7KH\IRXQGD339RIZKHQFRPSDUHGWRFOLQLFDOGDWDDQGZKHQFRPSDUHG 
WR ERWK FOLQLFDO DQG DXWRSV\ GDWD 2EVWHWULF VSKLQFWHU WHDUV ZHUH YDOLGDWHG E\

%DJKHVWDQ DQG FROOHDJXHV ZKR IRXQG D 339 RI  DQG D VHQVLWLYLW\ RI 
$QRWKHUVWXG\HYDOXDWLQJ WKHGLDJQRVLVRI UKHXPDWLFGLVHDVH LQPRWKHUV
QRWLILHGWRWKH0%51IRXQGDVHQVLWLYLW\RI
Selection biasRFFXUVZKHQWKHVDPSOHLVQRWUHSUHVHQWDWLYHRIWKHVWXG\SRSXODWLRQ
7KLVPD\RFFXUDVDUHVXOWRIORZSDUWLFLSDWLRQRUGURSRXWGXULQJIROORZXS7RGD\LW
LV PDQGDWRU\ WR UHSRUW WR VRPH RI WKH 1RUZHJLDQ UHJLVWULHV HJ WKH0%51 EXW
WKHUHKDVDOVREHHQJRRGUHSRUWLQJ WRVHYHUDOQDWLRQDO UHJLVWULHVQRWFRYHUHGE\ WKLV
REOLJDWLRQ 6WXGLHV RQ WKH 1$5 KDYH VKRZQ WKDW PRUH WKDQ  RI DOO MRLQW
UHSODFHPHQWV DUH UHSRUWHG ZKLFK LV DOVR LQ FRQFRUGDQFH ZLWK ILQGLQJV IURP WKH
'DQLVK $UWKURSODVW\ 5HJLVWHU ZLWK D UHSRUWHG FRPSOHWHQHVV RI  'XH WR WKH
KLJKUHSRUWLQJ WKHGDWDFDQEH WUHDWHGDVSRSXODWLRQEDVHG7KH0%51LVURXWLQHO\
OLQNHGZLWKWKH&HQWUDO3RSXODWLRQ5HJLVWHUWRHQVXUHKLJKGDWDTXDOLW\
ConfoundingUHSUHVHQWVDYDULDEOHWKDWFRUUHODWHVZLWKERWKWKHLQYHVWLJDWHGFDXVHDQG
WKHHIIHFWYDULDEOHVZLWKRXWEHLQJSDUWRIWKHFDXVHEHLQJVWXGLHG
Validity LV DQRWKHU WHUP UHJDUGLQJ GDWD TXDOLW\$ VWXG\ RI KLJK ³LQWHUQDO YDOLGLW\´
UHIHUV WR D VWXG\ ZKHUH QR VXEVWDQWLDO HUURUV IURP WKH WKUHH SUHYLRXVO\ PHQWLRQHG
IDFWRUVRFFXU,QWHUQDOYDOLGLW\LVDQDVVXPSWLRQIRU³H[WHUQDOYDOLGLW\´LPSO\LQJWKDW
WKHUHVXOWVFDQEHJHQHUDOLVHGWRVXEMHFWVRXWVLGHWKHVWXG\SRSXODWLRQ

10.1.4 Patient reported outcome measures 
,QPHGLFDOSUDFWLFHWKHHYDOXDWLRQRIWUHDWPHQWRIWHQIRFXVHVRQKDUGHQGSRLQWVVXFK
DVGHDWKWUHDWPHQWRSHUDWLRQUDWHUDGLRORJLFDOPHDVXUHPHQWYDOXHVRUVXUYLYDORIHJ
WKHSURVWKHVLV+RZHYHUWKHDLPRIDOOUHVHDUFKVKRXOGEHWREHQHILWWKHSDWLHQWVDQG
LWLVWKHUHIRUHHVVHQWLDOWRLQFOXGHWKHPZLWKWKHLUH[SHULHQFHV6HYHUDOTXHVWLRQQDLUHV
KDYH EHHQ GHVLJQHG WR UHSRUW RQ SDWLHQW RXWFRPH 6RPH DUH JHQHUDO QRW GLVHDVH
VSHFLILFZKLOHRWKHUVHYDOXDWHVSHFLILFPHGLFDOFRQGLWLRQVGLVHDVHVSHFLILF
 
Table 4 Strengths and weaknesses of EQ-5D and WOMAC. 
EuroQol EQ-5D WOMAC
Categories 5 levels: 
mobility, self-care, usual activities, 
pain and anxiety/depression 
24 questions:  
pain (5), stiffness (2), physical 
function (17) 
Score1 - 0.594 (worst) to 1 (best). 
0 (death) 
0 (best) to 96 (worst) 
Strengths Valid 
Reliable 
Easy to use 
Cost-effective 
Valid 
Reliable 
Limitations Complex calculation needed 
High ceiling effect 
Less sensitive 
Influenced by factors other 
than of lower extremities. 
Statistician needed 
1Based on UK value set
'HVLJQLQJ D JRRG TXHVWLRQQDLUH LV D FKDOOHQJLQJ SURFHGXUH 7KH DLP RI WKH VXUYH\
VKRXOGEHRXWOLQHGLQGHWDLOSULRUWRWKHGHVLJQSURFHVV7KLVHQVXUHVWKDWLQIRUPDWLRQ
UHOHYDQW WR WKHSXUSRVHVRI WKHVWXG\LVREWDLQHGDQGDYRLGVUHGXQGDQWTXHVWLRQV,Q
DGGLWLRQ WKH LQIRUPDWLRQ VKRXOG EH FROOHFWHG ZLWK PD[LPDO UHOLDELOLW\ DQG
YDOLGLW\7KHYDOLGLW\RIDTXHVWLRQQDLUH LV WKHGHJUHH WKHDVVHVVPHQWPHDVXUHV
ZKDWLWLVVXSSRVHGWRPHDVXUH7KHUHOLDELOLW\UHIOHFWVWKHH[WHQWWRZKLFKDPHDVXUH
LVVWDEOHRUFRQVLVWHQWZKHQLWLVDGPLQLVWHUHGUHSHDWHGO\
$ YDOLGDWHG TXHVWLRQQDLUH KDV XQGHUJRQH D YDOLGDWLRQ SURFHVV WR HQVXUH WKDW LW
PHDVXUHVZKDWLWLVGHVLJQHGWRPHDVXUHUHJDUGOHVVRIZKRUHVSRQGVDQGZKHQWKH\
UHVSRQG7KHPHDVXUHPHQWLVFRPSDUHGWRWKHDYDLODEOH³*ROG6WDQGDUG´DQGZLWK
RWKHU VRXUFHV RI GDWD 7KH LQVWUXPHQW VKRXOG DOVR EH HYDOXDWHG ZLWK UHVSHFW WR
UHOLDELOLW\DVDKLJKGHJUHHRIUHOLDELOLW\RIIHUVWKHRSSRUWXQLW\WRFRPSDUHWKHUHVXOWV
IURP RQH VWXG\ ZLWK WKH ZRUN RI RWKHUV 8QIRUWXQDWHO\ PDQ\ TXHVWLRQQDLUHV
GHVFULEHGLQWKHOLWHUDWXUHDUHQRWYDOLGDWHGDQGDVSRLQWHGRXWE\6XVKLODQG9HUPD
TXHVWLRQQDLUHGHVLJQDQGYDOLGDWLRQDUHRIWHQQHJOHFWHGRURYHUORRNHGDWWKHH[SHQVH
RIVWXG\YDOLGDWLRQ

7KH(4'DQGWKH:20$&DUHWZRYDOLGDWHGTXHVWLRQQDLUHVLQFOXGHGLQWKLVWKHVLV 
Table 4 7K H (4 ' LV D VWDQ GDUG LVHG  PHDVXUH R I KHDOWK V WDWXV  GHV LJQHG E\ WKH 
(XUR4RO*URXSDLPHGWRSURYLGHDVLPSOHJHQHULFPHDVXUHRIKHDOWKIRUFOLQLFDODQG 
HFRQRPLFDVVHVVPHQW7KHTXHVWLRQQDLUHFRPSULVHGRI ILYHGLPHQVLRQV PRELOLW\ 
VHOIFDUH XVXDO DFWLYLWLHV SDLQGLVFRPIRUW DQG DQ[LHW\GHSUHVVLRQ ZLWK WKUHH OHYHOV 
HDFK QR SUREOHPV VRPH SUREOHPV DQG H[WUHPH SUREOHPV 7KH DQVZHUV FDQ EH 
WUDQVODWHGLQWRDQLQGH[UHIOHFWLQJWKHSHUVRQ¶VJHQHUDOKHDOWKVWDWH6WUHQJWKVRI WKH 
TXHVWLRQQDLUH DUH WKH EULHI DQG VLPSOH IRUP DQG WKH IDFW WKDW LW FDQ EH FRPSOHWHG 
ZLWKLQ PLQXWHV 7KH TXHVWLRQQDLUH KDV EHHQ YDOLGDWHG IRU QXPHURXV PHGLFDO 
FRQGLWLRQV DQG FRPSDUHG WR RWKHU RXWFRPH PHDVXUHV HJ :20$& ,W KDV DOVR  
EHHQYDOLGDWHGIRUSDWLHQWVXQGHUJRLQJKLSUHSODFHPHQWDQGEHHQSURYHQYDOLGDQG 
UHOLDEOH 7KH 1RUZHJLDQ YHUVLRQ KDV QHYHU EHHQ YDOLGDWHG EXW WKHUH DUH VHYHUDO 
YDOLGDWLRQVWXGLHVIURP6ZHGHQ$OLPLWDWLRQRIWKHLQVWUXPHQWLVWKHFRPSOH[ 
FDOFXODWLRQQHFHVVDU\WRGHWHUPLQHWKHILQDOVFRUH+RZHYHUZKHQXVHGIRUUHVHDUFK 
SXUSRVHV WKLV FDOFXODWLRQ LV DXWRPDWLFDOO\SHUIRUPHGE\ VWDWLVWLFDO VRIWZDUH VXFKDV 
6366 )XUWKHU WKH ZHLJKWLQJ IRU FDOFXODWLQJ WKH (4' VFRUH GLIIHUV IURP RQH 
FRXQWU\ WR DQRWKHU 7KH 86 DQG WKH 8. ZHLJKW WKH TXHVWLRQV GLIIHUHQWO\ QR 
VSHFLILFZHLJKWLQJVKDYHEHHQFDOFXODWHGIRU1RUZD\,DQGWKH UK or European version 
is normally used1DWXUDOO\WKLVFRPSOLFDWHVWKHSRVVLELOLW\WRFRPSDUHWKHVFRUH 
EHWZHHQ FRXQWULHV $QRWKHU OLPLWDWLRQ LV WKDW WKH IRUP VXIIHUV IURP D KLJK 
FHLOLQJ 
HIIHFW7KHVHQVLWLYLW\LVDOVRORZFRPSDUHGWRRWKHUJHQHULFKHDOWKIRUPVGXHWRLWV 
EUHYLW\ )XUWKHU VHYHUDO VWXGLHV KDYH SURYHG D ELPRGDO GLVWULEXWLRQ RI WKH (4 
'LQGH[7KLVFDQEHH[SODLQHGE\WKHFUXGHVFDOLQJRIWKH(4')RUH[DPSOH 
UHJDUGLQJ PRELOLW\ WKH DOWHUQDWLYHV DUH ³QR SUREOHPV´ ³VRPH SUREOHPV´ DQG 
³XQDEOHFRQILQHG WR EHG´ $OPRVW QR SDWLHQWV ZLOO EH LQ WKH ³XQDEOH´ JURXS DQG 
WKHUHIRUHWKHRQO\PRYHPHQWZKLFKFDQEHGHWHFWHGZLOOEHEHWZHHQ³QRSUREOHPV´ 
DQG³VRPHSUREOHPV´7KLVLPSOLHVWKDWWKHPHDQ(4'VFRUHRIWHQUHSRUWHGGRHV 
QRWUHIOHFWWKLVELPRGDOGLVWULEXWLRQ
,Q  DPRGLILHG IRUP RI WKH (4' TXHVWLRQQDLUH ZDV LQWURGXFHG ,Q RUGHU WR
LPSURYH WKH LQVWUXPHQW¶V VHQVLWLYLW\ DQG UHGXFH WKH FHLOLQJ HIIHFW HDFK GLPHQVLRQ
 
ZDVH[WHQGHGIURPWKUHHWRILYHOHYHOV7KHRULJLQDOTXHVWLRQQDLUHZDVUHQDPHG(4
'/DQGWKHQHZHGLWLRQZDVQDPHG(4'/(4'/LVWKHYHUVLRQXVHGLQ
WKHSDSHUVLQFOXGHGLQWKLVWKHVLV
7KH :20$& LV D VHOIDGPLQLVWHUHG GLVHDVHVSHFLILF KHDOWK VWDWXV PHDVXUH IRU
RVWHRDUWKULWLVRI WKHKLSNQHH7KHTXHVWLRQQDLUHZDVYDOLGDWHGE\%HOODP\HWDO IRU
SDWLHQWVZLWKRVWHRDUWKULWLVLQWKHORZHUH[WUHPLWLHV7KH\IRXQGWKHLQVWUXPHQWWREH
YDOLGUHOLDEOHZLWKKLJKUHVSRQVLYHQHVVDQGUHODWLYHO\HIILFLHQW7KHLQVWUXPHQWKDV
EHHQSURYHQVHQVLWLYH WRFKDQJHV DQGDFKDQJHRI VFRUHRISRLQWV IRUSDWLHQWV
ZLWKRVWHRDUWKULWLVKDVEHHQVKRZQWREHDFOLQLFDOO\LPSRUWDQWGLIIHUHQFH+RZHYHU
WKHVSHFLILFLW\RIWKH:20$&LQVWUXPHQWKDVEHHQTXHVWLRQHG:ROIHDQGFROOHDJXHV
IRXQGLQWKHLUVWXG\WKDWWKHVFRUHZDVDOVRLQIOXHQFHGE\RWKHUIDFWRUVWKDQ2$HJ
IDWLJXH GHSUHVVLRQ DQG ORZHU EDFN SDLQ DQG WKH UHVXOWV PXVW WKHUHIRUH EH
LQWHUSUHWHG ZLWK FDUH 7KH VFRUH FDQ EH GLIILFXOW WR GHWHUPLQH IRU D FOLQLFLDQ DQG
VWDWLVWLFDO FDOFXODWLRQV DUH QHHGHG WR LGHQWLI\ GLIIHUHQFHV EHWZHHQ JURXSV
,QWHUSUHWDWLRQ RI VLJQLILFDQW GLIIHUHQFHV LQ PHDQ:20$& VFRUHV LV LQIOXHQFHG E\
VDPSOH VL]H DQG WKH VL]H RI WKH GLIIHUHQFHV LQ VFRUHV EHWZHHQ SDWLHQW JURXSV WKXV
ODUJHQXPEHUVDUHQHHGHG

10.1.5 Reproducibility in measurement studies 
6HYHUDOVWDWLVWLFDOVWUDWHJLHVKDYHEHHQGHVFULEHGIRUWKHHYDOXDWLRQRIUHSURGXFLELOLW\
LQPHDVXUHPHQW VWXGLHV EXW WKHUH LV GLVDJUHHPHQW DV WRZKLFKPHWKRG LV WKH
PRVW DSSURSULDWH 7KH H[SUHVVLRQ UHSURGXFLELOLW\ LQFOXGHV ERWK DJUHHPHQW DQG
UHOLDELOLW\ WZR WHUPV RIWHQ XVHG LQWHUFKDQJHDEO\ LQ WKH OLWHUDWXUH +RZHYHU LW LV
LPSRUWDQWWRHPSKDVLVHWKDWWKHVHWHUPVIRFXVRQGLIIHUHQWDVSHFWVRIUHSURGXFLELOLW\
7KHDJUHHPHQWSDUDPHWHUV HJ WKH%ODQG$OWPDQPHWKRGDQGPLQLPXPGHWHFWDEOH
FKDQJHDUHPRUHUHODWHGWRWKHPHDVXUHPHQWLQVWUXPHQWLWVHOIDQGDVVHVVFORVHQHVVRI
VFRUHV LQ UHSHDWHGPHDVXUHPHQWV7KH\ LQGLFDWH ³KRZZHOO DPHDVXUHSURGXFHV WKH
VDPH YDOXH RQ UHSHDWHGPHDVXUHPHQWV´ 7KH UHOLDELOLW\ SDUDPHWHU HJ LQWUDFODVV

FRUUHODWLRQFRHIILFLHQWLVUHODWHGWRKRZZHOOGLIIHUHQWPHDVXUHPHQWVSDWLHQWVFDQEH
GLVWLQJXLVKHGIURPHDFKRWKHU
,Q JHQHUDO WKH %ODQG$OWPDQ DSSURDFK DQDO\VLQJ WKH GLIIHUHQFH EHWZHHQ
PHDVXUHPHQWVE\WZRPHWKRGVREVHUYHUVRQHDFKVXEMHFWLVWKHSUHIHUUHGPHWKRGIRU
DQDO\VLQJDJUHHPHQWRQFRQWLQXRXVGDWD$FFRUGLQJWR%ODQGDQG$OWPDQWKH
GHJUHHRIDJUHHPHQWEHWZHHQPHDVXUHPHQWVLVDSUREOHPRIHVWLPDWLRQUDWKHUWKDQD
K\SRWKHVLVWHVWLQJRUFRUUHODWLRQ$FRUUHODWLRQFRHIILFLHQWLVDPHDVXUHRIDVVRFLDWLRQ
DQG D JRRG FRUUHODWLRQZLOO IRU LQVWDQFH EH VHHQ IRU DQ\ WZRPHWKRGV GHVLJQHG WR
PHDVXUH WKH VDPHSDUDPHWHU DQGGRHVQRWDXWRPDWLFDOO\ LPSO\ WKDW WKHUH LV DJRRG
DJUHHPHQW $ FRUUHODWLRQ FRHIILFLHQW ZLOO DOVR EH LQIOXHQFHG E\ WKH UDQJH RI
PHDVXUHPHQWV XVHG HJ ZLGHO\ VSDFHG REVHUYDWLRQV ZLOO LQFUHDVH WKH FRUUHODWLRQ
FRHIILFLHQW7KHUHVXOWPD\EHWKDWGDWDVKRZLQJDQDSSDUHQWO\KLJKFRUUHODWLRQFDQ
IRU LQGLYLGXDO VXEMHFWV VKRZ YHU\ SRRU DJUHHPHQW EHWZHHQ WKH PHWKRGV RI
PHDVXUHPHQW
'HVSLWHVRPHFULWLFDOYRLFHVWKHLQWUDFODVVFRUUHODWLRQFRHIILFLHQW,&&KDVEHFRPH
DPRUHFRPPRQO\XVHGPHWKRGWRPHDVXUHUHOLDELOLW\DQGPRUHDGYDQFHGYHUVLRQVRI
WKLVPHWKRGDYRLGVRPHRIWKHSUREOHPVUHODWHGWRFRUUHODWLRQ,&&ZDVLQFOXGHGLQ
SDSHU,,,LQDGGLWLRQWRWKH%ODQG$OWPDQPHWKRGDQGPLQLPDOGHWHFWDEOHFKDQJH%\
LQFOXGLQJ,&&ZHZHUHDEOH WRFRPSDUHRXU UHVXOWVZLWKRWKHUVDV ,&&LVRIWHQWKH
RQO\UHSURGXFLELOLW\PHDVXUHPHQWIRXQGLQWKHOLWHUDWXUH

10.1.6 Measurement error and measurement uncertainty 
$OOVWXGLHVXVLQJPHDVXUHPHQWVPD\EHDIIHFWHGE\PHDVXUHPHQWHUURU0HDVXUHPHQW
HUURU LV WKH GLIIHUHQFH EHWZHHQ WKH PHDVXUHG DQG WKH WUXH FRUUHFW YDOXH $
PHDVXUHPHQW UHVXOW FRQVLVWV RI DPHDVXUHGYDOXH DQG LWV LQWHUYDO LQZKLFK WKH WUXH
YDOXH LV SUREDEO\ LQFOXGHG 0HDVXUHPHQW XQFHUWDLQW\ LV GHILQHG DV “a parameter 
associated with the measurement that characterises the dispersion of the values that 
could reasonably be attributed to the measurand”.
 
0HDVXUHPHQWHUURUZLOODOZD\VEHSUHVHQWLQPDWHULDOWREHPHDVXUHG0HDVXUHPHQWV
ZLOO QHYHU EH SHUIHFW DQG WKHUHIRUH LW LV DGYLVHG WR GR PXOWLSOH PHDVXUHPHQWV WR
FDOFXODWHWKHPRVWDFFXUDWHYDOXH7KHHUURUVFDQEHERWKsystematic DQGrandom$
V\VWHPDWLF HUURU LV FDXVHG E\ LQFRUUHFW PHDVXULQJ PHWKRGV FLUFXPVWDQFHV RI WKH
PHDVXULQJDQGIDFWRUVFRQQHFWHGWRWKHREVHUYHU
0HDVXUHPHQW HUURU DQG XQFHUWDLQW\ DUH UHOHYDQW IRU UDGLRJUDSKLF PHDVXUHPHQWV
FOLQLFDOGDWDKLSUDQJHRIPRWLRQPRELOLW\KHLJKWDQGZHLJKWDQGGLIIHUHQWSDWLHQW
UHSRUWHG TXHVWLRQQDLUHV5DGLRJUDSKLFPHDVXUHPHQWV DUH LQFOXGHG LQ SDSHUV ,,, DQG
,9FOLQLFDOGDWDLQSDSHU,9DQGSDWLHQWUHSRUWHGTXHVWLRQQDLUHVLQSDSHUV,,DQG,9
)RU UDGLRJUDSKLF PHDVXUHPHQWV D KLJK GHJUHH RI PHDVXUHPHQW XQFHUWDLQW\ FDQ EH
SUREOHPDWLFDVWKHVHDUHRIWHQXVHGWRGHWHUPLQHZKHWKHUDSDWLHQWLVKHDOWK\RULOOWKH
VWDJHRIGLVHDVHHWF6RZKDWLVDQDFFHSWDEOHPHDVXUHPHQWHUURU"6RPHVWDWHWKDWDQ
XQFHUWDLQW\RIRI WKH WUXH FRUUHFWYDOXH LVDFFHSWDEOH+RZHYHU WKLV LVQRW
DOZD\VSRVVLEOH(YHU\GD\OLIHLQFOLQLFDOSUDFWLFHLVRIWHQIDUUHPRYHGIURPWKHLGHDO
ZRUOG 7KH UDGLRJUDSKV VKRXOG DOZD\V EH VWDQGDUGLVHG EXW GLIIHUHQW UDGLRJUDSKHUV
ORFDWLRQVDQGHTXLSPHQWDUHFKDOOHQJLQJ,QDGGLWLRQLIWKHSDWLHQWLVPRQLWRUHGRYHU
WLPH WKHUH PLJKW EH SK\VLFDO FKDQJHV LQFUHDVHGHFUHDVH RI ZHLJKW IUDFWXUHV
RQJRLQJJURZWKDQGLWFDQEHSUREOHPDWLFWRVWDWHZKHWKHUDFKDQJHLQWKHPHDVXUHG
YDOXH UHIOHFWV D WUXH FKDQJH RU RQH FDXVHG E\ YDULRXV H[WHUQDO IDFWRUV $ JRRG
UDGLRJUDSKLF PHDVXUHPHQW VKRXOG EH HDV\ WR SHUIRUPPHDVXUDEOH LQPRVW SDWLHQWV
EDVHG RQ ZHOOGHILQHG UDGLRORJLFDO ODQGPDUNV DQG QRW DIIHFWHG E\ H[WHUQDO
HQYLURQPHQWDOIDFWRUV
$KLJKTXDOLW\ LPDJH LV HVVHQWLDO LQSHUIRUPLQJDFFXUDWHPHDVXUHPHQWV ,Q DSHOYLV
LPDJHWKHSHOYLFWLOWDQGLQFOLQDWLRQVKRXOGEHHYDOXDWHG$FFRUGLQJWR$QGDHWDO
SHOYLF LQFOLQDWLRQ LQ VWDQGLQJ DQG VXSLQH SHOYLV UDGLRJUDSKV VKRZV LQVLJQLILFDQW
YDULDWLRQ +RZHYHU VWDQGLQJ UDGLRJUDSKV ZHUH SUHIHUUHG E\ -DFREVHQ HW DO ZKHQ
DQDO\VLQJKLSG\VSODVLDDQGFR[DUWKURVLVWRREWDLQWKHPRVWDFFXUDWHUHSUHVHQWDWLRQRI
IHPRUDO KHDG WUDQVODWLRQ DQG MRLQW VSDFHZLGWKV7KH VDPH OLQH RI DUJXPHQWZDV
XVHGZKHQZHGHFLGHGRQSURMHFWLRQVIRUWKH+LS3URMHFWDVWDQGLQJ$3DQGD

VXSLQH IURJOHJ YLHZZHUH REWDLQHG )XUWKHU WKH YLHZ XVHG VKRXOG EH QRWHGZKHQ
SHUIRUPLQJPHDVXUHPHQWVWXGLHVDVPDQ\DUHSHUIRUPHGZLWKGLIIHUHQWSURWRFROVHJ
XURJUDPV YV SHOYLF YLHZV 6RPH UDGLRORJLFDO PHDVXUHPHQWV DUH DIIHFWHG E\ WKLV
IDFWRUZKLFKPD\UHVXOWLQFKDQJHVLQSUHYDOHQFHV,WLVWKHUHIRUHHVVHQWLDOWRGHEDWH
WKLVZKHQFRPSDULQJSUHYDOHQFHVWXGLHV
,QSDSHUV,,,DQG,9FRPPRQUDGLRJUDSKLFPHDVXUHPHQWVLQGLFDWLQJKLSG\VSODVLDDW
VNHOHWDOPDWXULW\ZHUHXVHG,QSDSHU,,,WKHPHDVXUHPHQWVZHUHYDOLGDWHGDFFRUGLQJ
WR LQWUDDQG LQWHU UHSHDWDELOLW\$ WKRURXJKVWDQGDUGLVDWLRQSULRU WRFRPPHQFHPHQW
ZDVSHUIRUPHGDQGDOOWKUHHREVHUYHUVDJUHHGRQWKHGLIIHUHQWUDGLRORJLFDOODQGPDUNV
,QVSLWHRIWKLVFDUHIXOSURFHVVWKHUHVXOWVLQSDSHU,,,UHYHDOHGYDU\LQJDJUHHPHQWIRU
WKHGLIIHUHQWPHDVXUHPHQWV,QJHQHUDOPHDVXUHPHQWVRIDVPDOODEVROXWHYDOXHKDG
SRRUHUUHVXOWV)XUWKHUWKHHQWLUHUDQJHRIHDFKSDUDPHWHUZDVQRWUHSUHVHQWHGLQRXU
YDOLGDWLRQ VWXG\ 3DSHU ,,,7KLV LV D OLPLWDWLRQRI WKH VWXG\ DV WKHYDULDWLRQRI WKH
PHDVXUHPHQWPD\EHLQIOXHQFHGE\WKHYDOXHZHDUHPHDVXULQJLHPRUHXQFHUWDLQW\
IRUODUJHUPHDVXUHPHQWYDOXHVUHVXOWLQJLQSRRUHUDJUHHPHQWUHIHUUHGWRDVDGRPHRU
IXQQHOHIIHFW
,Q SDSHU ,9 WKH GLIIHUHQW UDGLRORJLFDO PHDVXUHPHQWV ZHUH XVHG WR GHWHUPLQH WKH
SUHYDOHQFH RI KLS G\VSODVLD DPRQJ \HDUROG 1RUZHJLDQV:KHQ FRPSDULQJ RXU
UHVXOWVZLWK WKH OLWHUDWXUH LW EHFDPHHYLGHQW WKDW VHYHUDO GLIIHUHQW FXWRII YDOXHV DUH
XVHGDQGWKHSURSRVHGFXWRIIYDOXHVDUHRIWHQEDVHGRQPDWHULDORIYDU\LQJTXDOLW\
$OOWKHUDGLRJUDSKVLQWKH+LS3URMHFWZHUHSHUIRUPHGE\WKHVDPHUDGLRJUDSKHU
LQDVWDQGDUGLVHGPDQQHU%\XVLQJWKHVDPHHTXLSPHQWIRUDOOH[DPLQDWLRQVWKHULVN
RI SRWHQWLDO ELDVHV ZDV UHGXFHG ,Q DGGLWLRQ WKHUH DUH FRQFHUQV DV WR ZKHWKHU RXU
UHVXOWVFDQEHJHQHUDOLVHGWRJHQHUDORUWKRSDHGLFVXUJHRQVDQGUDGLRORJLVWV$VVWDWHG
E\0DVWDQGFROOHDJXHVWKHUDGLRJUDSKLFGLDJQRVLVRIKLSG\VSODVLDUHOLHVKHDYLO\
RQWKHFOLQLFLDQ¶VH[SHULHQFHRIUHDGLQJKLSUDGLRJUDSKV%XWWKHWHFKQLFDOSURILFLHQF\
LQ DFWXDOO\ PDNLQJ WKH PHDVXUHPHQWV ZLOO RIWHQ EH LQGHSHQGHQW RI H[SHULHQFH
&OLQLFDOGHFLVLRQPDNLQJEDVHGRQWKHVHSDUDPHWHUVVKRXOGWDNHWKLVSRVVLEOHELDVLQWR
DFFRXQW
 
,Q WKH+LS3URMHFWDOOSDUWLFLSDQWVZHUHFOLQLFDOO\H[DPLQHG LQFOXGLQJKHLJKW
ZHLJKWKLSUDQJHRIPRWLRQDQGDQLPSLQJHPHQWWHVW)RUH[DPLQDWLRQRIWKHZHLJKW
DQDQDORJXHVFDOHZDVXVHGDQGWKHSK\VLFLDQUHDGWKHQXPEHUVDQGQRWHGWKHPRQD
VSHFLDOIRUP$SSHQGL[,QRUGHUWRUHGXFHDSRWHQWLDOV\VWHPDWLFELDVWKHVDPH
VFDOHZDVXVHGIRUDOOSDUWLFLSDQWV,QDGGLWLRQWKHVFDOHZDVFKHFNHGZLWKUHIHUHQFH
ZHLJKWVRIGLIIHUHQWKHDYLQHVV)XUWKHUWKHUDQJHRIPRWLRQRIWKHKLSVZDVH[DPLQHG
IRUDOOSDUWLFLSDQWV8QIRUWXQDWHO\WKHFOLQLFDOH[DPLQDWLRQZDVQHYHUYDOLGDWHGZLWK
UHVSHFW WR UHSHDWDELOLW\DQGYDOLGLW\+RZHYHU WKH VDPHVHQLRURUWKRSDHGLF VXUJHRQ
ZDVUHVSRQVLEOHIRUWUDLQLQJWKHIRXUOHVVH[SHULHQFHGSK\VLFLDQV$JRQLRPHWHUZDV
XVHGLQFDVHVRIXQFHUWDLQW\7KHSDUWLFLSDQWVZHUHDOVRDVNHGWRILOOLQDTXHVWLRQQDLUH
XSRQ DUULYDO $V PHQWLRQHG LQ WKH SUHYLRXV VHFWLRQ TXHVWLRQQDLUHV PXVW DOVR EH
YDOLGDWHGZLWKUHVSHFWWRPHDVXUHPHQWHUURUHQGPHDVXUHPHQWXQFHUWDLQW\

10.1.7 Defining hip dysplasia at skeletal maturity 
7KHGLDJQRVLVRIKLSG\VSODVLDDWVNHOHWDOPDWXULW\FDQEHTXLWHGLIILFXOWDVWKHUHDUH
QRZHOOGHILQHGDQGZHOOGRFXPHQWHGJXLGHOLQHVIRU WKHGLDJQRVLV6HYHUDOGLIIHUHQW
UDGLRJUDSKLF PHDVXUHPHQWV DUH SURSRVHG ZLWK GLIIHUHQW FXWRII YDOXHV DQG WKH
EDFNJURXQGPDWHULDOLVRIWHQLQDGHTXDWH,QSDSHU,,,GLIIHUHQWPHDVXUHPHQWVUHOHYDQW
IRU KLS G\VSODVLD ZHUH YDOLGDWHG ZLWK UHVSHFW WR LQWHU DQG LQWUDUHSHDWDELOLW\ ,Q
FRQFOXVLRQ PHDVXUHPHQWV ZLWK D KLJK DEVROXWH YDOXH ZHUH IRXQG WR KDYH PRUH
VDWLVIDFWRU\UHSHDWDELOLW\ WKDQPHDVXUHPHQWVZLWKVPDOOHUDEVROXWHYDOXHV+RZHYHU
WKHGLIIHUHQWFXWRIIYDOXHVXVHGLQWKHOLWHUDWXUHZHUHQRWHYDOXDWHGLQWKLVSDSHU,Q
SDSHU ,9 WKH SUHYDOHQFH RI KLS G\VSODVLD DPRQJ \HDU ROG 1RUZHJLDQV ZDV
VWXGLHG'LIIHUHQW UDGLRJUDSKLFPDUNHUVZHUH XVHG EXW WKH SUHYDOHQFHV YDULHG WR D
JUHDW H[WHQW GHSHQGLQJ RQ WKH YDULDEOH XVHG 7KLV LQGLFDWHV WKDW WKH YDULDEOH WR EH
XVHGLQRUGHUWRGHILQHG\VSODVLDLVRIJUHDWLPSRUWDQFH$VVWDWHGE\-DFREVHQHWDO
LQWKHUHLVQRDJUHHPHQWRQUDGLRJUDSKLFFXWRIIYDOXHVRIG\VSODVLDOHDGLQJWR
KLS RVWHRDUWKULWLV DQG WKH XVHG FXWRII YDOXHV RI WKH UDGLRJUDSKLF SDUDPHWHUV DUH
FKRVHQVRPHZKDWDUELWUDULO\LQFURVVVHFWLRQDOVWXGLHV$QRWKHUSDSHUIURPWKH

+LS 3URMHFW DLPHG WR HVWDEOLVK QHZ UHIHUHQFH LQWHUYDOV IRU GLIIHUHQW UDGLRORJLFDO
PHDVXUHPHQWV LQGLFDWLQJ KLS G\VSODVLD +RZHYHU WKHVH FXWRII YDOXHV GR QRW
QHFHVVDULO\ UHIOHFW KLSV WKDW ZLOO GHYHORS KLS RVWHRDUWKULWLV )XUWKHU WKH GLIIHUHQW
UDGLRORJLFDO PHDVXUHPHQWV DUH GHVLJQHG WR PHDVXUH VOLJKWO\ GLIIHUHQW DQDWRPLFDO
UHODWLRQV LQ WKH KLS MRLQW$V WKH KLS MRLQW LV D WKUHHGLPHQVLRQDO VWUXFWXUH LW LV QRW
VXUSULVLQJ WKDW RQH VLQJOH PHDVXUHPHQW FDQQRW GHVFULEH WKH FRPSOH[ VWUXFWXUH $
VFRUHZKLFKLQFOXGHVVHYHUDOGLIIHUHQWPHDVXUHPHQWVPD\EHDYDOXDEOHWHFKQLTXHLQ
RUGHUWRJLYHDPRUHDFFXUDWHGHVFULSWLRQ7KLVZDVSURSRVHGE\'U7|QQLVLQ
ZKHQ KH VXJJHVWHG D ³KLS YDOXH´ LQFOXGLQJ VHYHUDO UDGLRORJLFDO PHDVXUHPHQWV
+RZHYHULWLVRIOLWWOHXVHWRGD\
0HDVXUHPHQWV GHVLJQHG WRPHDVXUH D G\VSODVWLF KLS FDQ EH GLYLGHG LQWR WZRPDLQ
JURXSV PHDVXUHPHQWVGHVFULELQJ WKH DFHWDEXODU DQDWRP\DQG PHDVXUHPHQWV
GHVFULELQJWKHSRVLWLRQRIWKHIHPRUDOKHDGUHODWLYHWRWKHDFHWDEXOXP7KHILUVWJURXS
FRQVLVWV RI 6KDUS¶V DQJOH WKH DFHWDEXODU GHSWKZLGWK UDWLR $'5 DQG DFHWDEXODU
DQJOHRI7|QQLV$$7KHVHFRQGJURXSLQFOXGHV:LEHUJ¶VFHQWUHHGJH&(DQJOH
2JDWD¶V UHILQHG FHQWUHHGJH DQJOH DQG WKH IHPRUDOKHDG H[WUXVLRQ LQGH[ )+(, ,Q
DGGLWLRQWRWKHVHPHDVXUHPHQWVVHYHUDORWKHUVKDYHEHHQSURSRVHGEXWDVWKH\ZHUH
QRWLQFOXGHGLQSDSHU,,,RU,9DIXUWKHUGHVFULSWLRQRIWKHVHLVQRWUHOHYDQWKHUH
6KDUS¶V DFHWDEXODU DQJOH 6KDUS¶V DFHWDEXODU DQJOH ZDV GHVFULEHG E\ WKH %ULWLVK
RUWKRSDHGLF VXUJHRQ ,DQ.6KDUS LQDV DPHWKRGRIPHDVXULQJ WKHGHJUHHRI
DFHWDEXODUGHYHORSPHQWLQWKHUDGLRJUDSKRIWKHDGXOWSHOYLV)LJXUH7KHDQJOH
ZDVDOUHDG\GHVFULEHGLQE\WKH*HUPDQ'U8OOPDQQEXWQRZDGD\VLWLVWKH
%ULWLVKQDPHWKDWLVPRVWFRPPRQO\UHODWHGWRWKHPHDVXUHPHQW8VLQJWZRSRLQWVRI
WKHDFHWDEXOXPODWHUDOHGJHRIWKHDFHWDEXODUURRIDQGWKHLQIHULRUWLSRIWKHWHDUGURS
DQGDKRUL]RQWDOOLQHEHWZHHQWKHWHDUGURSVWKHDQJOHRILQFOLQDWLRQRIWKHDFHWDEXOXP
FDQEHPHDVXUHG6KDUS¶VDQJOHLQFOXGHVRQO\ODQGPDUNVRIWKHDFHWDEXOXPDQG6KDUS
FODLPHGWKDWWKLVLQFUHDVHVWKHDFFXUDF\RIWKHPHDVXUHPHQW$IXUWKHUDGYDQWDJHRI
WKHPHDVXUHPHQWLVWKDWLWFDQEHXVHGIRUERWKFKLOGUHQDQGDGXOWV
 

Figure 24 Sharp’s acetabular angle 
0RGLILFDWLRQVRI6KDUS¶VPHWKRGKDYHEHHQGHVFULEHGE\RWKHUV7KHPHDVXUHPHQWLV
DIIHFWHG E\ FDVHV RI VHYHUH KLS G\VSODVLD DV WKH WHDUGURS LQ WKHVH FDVHV LV RIWHQ
GHIRUPHGDQGKDUGWR LGHQWLI\UHVXOWLQJLQGLIILFXOW\ LQGHILQLQJWKHKRUL]RQWDO OLQH
$V D VROXWLRQ 7|QQLV SURSRVHG D PHWKRG E\ GUDZLQJ WKH KRUL]RQWDO OLQH DW ULJKW
DQJOHVWRWKHORQJLWXGLQDOSHOYLFD[LV$QRWKHUPRGLILFDWLRQRIWKHPHWKRGLQVSLUHG
E\'U2JDWDZKRUHILQHG:LEHUJ¶VFHQWUHHGJHDQJOHVHHEHORZLVDUHILQHG6KDUS¶V
DFHWDEXODUDQJOH7KHKRUL]RQWDOUHIHUHQFHOLQHLVXVHGDVRULJLQDOO\GHVFULEHGEXWWKH
ODWHUDO ODQGPDUN LV GHILQHG DV WKH ODWHUDO PDUJLQ RI WKH VRXUFLO VXEFKRQGUDO ERQ\
FRQGHQVDWLRQ LQ WKHDFHWDEXODU URRI8VLQJ WKLVPHWKRGDVLJQLILFDQWGLIIHUHQFH
IURP WKH RULJLQDO PHWKRG LV REVHUYHG ,W LV WKHUHIRUH LPSRUWDQW WR FRQILUP ZKDW
PHWKRGLVXVHGZKHQUHVXOWVDUHFRPSDUHG,QSDSHU,,,DQG,9WKHRULJLQDOPHWKRGRI
6KDUSZDVXVHG

,Q KLV RULJLQDO SDSHU 6KDUS GHVFULEHG KRZ WKH PHDVXUHPHQW ZDV LQIOXHQFHG E\
URWDWLRQ DQG WLOW RI WKHSHOYLV8VLQJ ILYHGLIIHUHQW YLHZV WKHYDULDWLRQRI WKH DQJOH
ZDVQRPRUHWKDQGHJUHHV+RZHYHURQHVKRXOGEHDZDUHWKDWWKHPHDVXUHPHQWLV
LQIOXHQFHG E\ WKH SRVLWLRQ RI WKH FHQWUH EHDP DQG PHDVXUHPHQWV VKRXOG QRW EH
SHUIRUPHGRQDQDEGRPLQDOUDGLRJUDSK7KLVLVVXSSRUWHGE\-DFREVHQDQGFROOHDJXHV

DV WKH\ IRXQG D KLJKO\ VLJQLILFDQW HIIHFW RI URWDWLRQ DQG LQFOLQDWLRQ RQ 6KDUS¶V
DQJOH )XUWKHUPRUH 6KDUS¶V DFHWDEXODU DQJOH GRHV QRW UHIOHFW WKH GHSWK RI WKH
DFHWDEXOXP DQG WKLV LV D PDMRU WKHRUHWLFDO REMHFWLRQ WR WKH YDOLGLW\ RI WKH
PHDVXUHPHQW +RZHYHU 6KDUS DUJXHG WKDW WKH DQJOH RI VORSH RI WKH DFHWDEXOXP
DSSHDUHGWREHDUDIDLUO\FRQVWDQWUHODWLRQVKLSWRLWVGHSWKDQGWKHUHIRUHWKHDQJOHLVD
JRRG LQGH[RI WKHDFHWDEXODUGHYHORSPHQW7|QQLVVWDWHG WKDW6KDUS¶VDQJOHGHILQHG
WKH GHJUHH RI ODWHURLQIHULRU LQFOLQDWLRQ RI WKH DFHWDEXOXP ZKLFK LV ODUJHO\ DQ
H[SUHVVLRQRIWKHORDGWUDQVIHUDFURVVWKHMRLQW
6KDUSVWDWHGWKDWWKHDFHWDEXODUDQJOHZDVQRWLQIOXHQFHGE\JHQGHUDQGDJHDQGWKLV
ZDV VXSSRUWHG E\ 6WXOEHUJ DQG +DUULV +RZHYHU VHYHUDO VWXGLHV KDYH UHSRUWHG
RSSRVLWHUHVXOWV%RWK+DQDQG$NWDVIRXQGDVLJQLILFDQWGLIIHUHQFHIRUJHQGHUDQG
DJH DQG DQ (J\SWLDQ VWXG\ IRXQG D GHFUHDVLQJ DQJOH ZLWK SDWLHQW DJH $JH DQG
JHQGHUYDULDWLRQZHUHDOVRGHVFULEHGLQWKHRULJLQDOSDSHUE\8OOPDQQ
7KHQRUPDOUDQJHIRU6KDUS¶VDQJOHZDVRULJLQDOO\HYDOXDWHGE\PHDVXULQJKLSV
ILIW\ PDOH DQG ILIW\ IHPDOH SHOYLVHV DUELWUDULO\ FKRVHQ IURP SDWLHQWV ZLWK QR
UDGLRORJLFDO HYLGHQFH RI RVWHRDUWKULWLV DQG D ORZHU DJH OLPLW RI  \HDUV 7KH
QRUPDOYDOXHVIRUWKLVDQJOHZHUHEHWZHHQDQGGHJUHHVZLWKDQXSSHUOLPLWRI
QRUPDOLW\IURPGHJUHHVDQGHVVHQWLDOO\WKHVDPHILQGLQJVLQPHQDQGZRPHQ
$QDQJOHRIGHJUHHVZDV IRXQG LQ D KLSZLWK FRQJHQLWDO VXEOX[DWLRQ DQG DQJOHV
EHWZHHQ DQGZHUH FODLPHG WRQHHG IXUWKHU LQYHVWLJDWLRQ 6WXOEHUJ DQG+DUULV
H[DPLQHG  SHUVRQV  PDOHV  IHPDOHV DJH UDQJH  WR  \HDUV ZLWK QR
HYLGHQFH RI DUWKULWLV RI WKH KLS DQG  SDWLHQWV  PDOHV  IHPDOHV ZLWK
GHJHQHUDWLYH MRLQW GLVHDVH FRQVLGHUHG DV SULPDU\ RVWHRDUWKULWLV 7KH\ IRXQG WKH
QRUPDOUDQJHRI6KDUS¶VDQJOHWREHEHWZHHQDQGDQGFKDUDFWHULVHGWKHKLSDV
G\VSODVWLF LI WKH DQJOHZDV JUHDWHU WKDQ  GHJUHHV PHDQ6' 7|QQLV IRXQG DQ
DYHUDJH DQJOH RI  LQ DGXOWV ZLWK DQ XSSHU QRUPDO OLPLW RI  $ IRXUWK
VWXG\UHIHUUHGWRDQJOHVRIGHJUHHVRUPRUHDVSDWKRORJLFDODVERUGHUOLQH
SDWKRORJLFDODQGDVQRUPDO,QD-DSDQHVHVWXG\1DNDPXURDQGFROOHDJXHV
VWXGLHG  QRUPDO KLSV DQG GHILQHG YDOXHV EHWZHHQ 6' IURP WKH PHDQ DV
UHSUHVHQWLQJ D QRUPDO UDQJH $ G\VSODVWLF KLS MRLQW ZDV WKHUHIRUH GHILQHG DV D
 
6KDUS¶V DQJOH RI JUHDWHU WKDQ 7KHVH ILQGLQJVZHUH VXSSRUWHG E\ )RZNHV HW DO
ZKRH[DPLQHGRQHKXQGUHGFRURQDO&7 ORFDOLVHUV PDOHV IHPDOHVDJH UDQJH
 \HDUV 7KH\ IRXQG D PHDQ RI  DQG VXEVHTXHQWO\ DQ XSSHU OLPLW
PHDQ6'RI-DFREVHQDQGFROOHDJXHVDOVRGHFLGHGWRXVHDXSSHUOLPLW
LQWKHLUZRUNRQKLSG\VSODVLDLQD'DQLVKSRSXODWLRQ
,QSDSHU,9DQXSSHUFXWRIIYDOXHRIGHJUHHVIRU6KDUS¶VDQJOHLVXVHGWRGHILQH
G\VSODVWLF KLSV $V DOUHDG\ PHQWLRQHG FXWRII YDOXHV RI   DQG DUH
SURSRVHGLQWKHOLWHUDWXUH+RZHYHUWKHIDFWWKDWZHIRXQGDKLJKSUHYDOHQFHRIKLS
G\VSODVLDMXGJHGE\6KDUS¶VDQJOHE\XVLQJDFXWRIIRIGHJUHHVLQGLFDWHVWKDWWKH
SUHYDOHQFHZRXOGEHHYHQKLJKHULIDORZHUFXWRIIYDOXHZDVXVHG)XUWKHULWFDQEH
DUJXHG WKDW WKH KLJK SUHYDOHQFH RI KLSV ZLWK D SDWKRORJLFDO 6KDUS¶V DQJOH LQ RXU
FRKRUW LV GXH WR WKH UHODWLYHO\ \RXQJ DJH DV FRPSDUHG WR WKH XSSHU DJH OLPLW IRU
VWXGLHVGHILQLQJFXWRIIYDOXHVIRU6KDUS¶VDQJOH6KDUS\HDUV6WXOEHUJ	+DUULV
\HDUV,IWKHSUHVXPSWLRQRIDGHFUHDVLQJDQJOHZLWKDJHLVFRUUHFWWKLVFDQSDUWO\
H[SODLQRXUILQGLQJV
$FHWDEXODU GHSWKZLGWK UDWLR7KH DFHWDEXODU GHSWKZLGWK UDWLR $'5 KDV EHHQ
GHVFULEHG E\ YDULRXV DXWKRUV XVLQJ VOLJKWO\ GLIIHUHQW PHDVXUHPHQW WHFKQLTXHV 7KH
DLPRI WKHPHDVXUHPHQW LV WRPHDVXUH WKH VKDOORZQHVVRI WKH DFHWDEXOXP+H\PDQ
DQG+HUQGRQ SURSRVHG WKH RULJLQDO PHWKRG ZKHUH WKHZLGWK LV PHDVXUHG IURP WKH
LQIHURODWHUDO SRLQW RI WKH DFHWDEXOXP WR WKH ODWHUDO ULP RI WKH DFHWDEXOXP DQG WKH
GHSWK LV PHDVXUHG IURP WKH PHGLDO VRXUFLO SRLQW DQG SHUSHQGLFXODU WR WKH ZLGWK
OLQH 7KH UDWLR LV PXOWLSOLHG E\  DQG QDPHG WKH DFHWDEXODU TXRWLHQW RU
DFHWDEXODULQGH[$PRGLILFDWLRQRIWKLVTXRWLHQWZDVSURSRVHGLQWKHVDPHSDSHUDV
+H\PDQ DQG+HUQGRQ UHDOLVHG WKDW WKH WUXH DFHWDEXODU TXRWLHQWPD\ EH GLIILFXOW WR
PHDVXUH LQ VRPH UDGLRJUDSKV GXH WR D SRRUO\ GHILQHG ORZHU PDUJLQ RI WKH
DFHWDEXOXP 7KHUHIRUH DQ DSSUR[LPDWH DFHWDEXODU TXRWLHQW ZDV GHVFULEHG 7KLV
PHDVXUHPHQWXVHVWKHOLQHIURPWKHXSSHUPDUJLQRIWKHDFHWDEXOXPWRWKHORZHUHQG
RI WKH WHDU ILJXUH DV WKH EDVH OLQH 7KH\ VWDWHG WKDW WKLV ZLOO QRW PHDVXUH WKH WUXH
DFHWDEXODU TXRWLHQW EXW WKH TXRWLHQW ZLOO UHPDLQ DSSUR[LPDWHO\ WKH VDPH DV IRU


Figure 25 Acetabular depth-width ratio(ADR) 
PHDVXUHPHQWVRIWKHWUXHDFHWDEXODUTXRWLHQWDVORQJDVWKHUHLVQRPDUNHGREOLTXLW\
RIWKHDFHWDEXODUURRI
6WXOEHUJ DQG &RRSHUPDQ KDYH DOVR GHVFULEHG WKH PRGLILHG WHFKQLTXH XVLQJ WKH
LQIHULRU WLSRI WKH WHDUGURSUDWKHU WKDQWKH LQIHURODWHUDOSRLQWRI WKHDFHWDEXOXP
7KH\PXOWLSOLHGWKHUDWLRE\LQVWHDGRI,QSDSHUV,,,DQG,96WXOEHUJDQG
&RRSHUPDQ¶V PHWKRG LV XVHG EXW WKH GHSWK LVPHDVXUHG VOLJKWO\ GLIIHUHQWO\ DV WKH
GLJLWDOPHDVXUHPHQW SURJUDPPHZDV XVHG )LJXUH  7KH GLIIHUHQFH LV WKDW WKH
GHSWK OLQH ZDV SHUSHQGLFXODU WR WKH PLGSRLQW RI WKH ZLGWK OLQH DQG WKH GHSWK ZDV
JLYHQDVWKHSRLQWZKHUHWKHGHSWKOLQHFURVVHGWKHDFHWDEXODUVRXUFLO,QVRPHFDVHV
WKH GHSWK OLQH ZDV ORFDWHG PHGLDO WR WKH PHGLDO SRLQW RI WKH VRXUFLO DQG WKH
FRQWLQXDWLRQ RI WKH VRXUFLO ZDV WKHQ H[WUDSRODWHG DQG WKH GHSWK ZDV JLYHQ DV WKH
LQWHUVHFWLRQRI WKHGHSWK OLQHDQG WKHH[WUDSRODWHG OLQH+RZHYHU LQPRVWFDVHV WKH
WZR PHWKRGV DJUHHG ,Q WKH OLWHUDWXUH WKH DFHWDEXODU GHSWK DORQH LV VRPHWLPHV
UHSRUWHGDVDSDUDPHWHULQGLFDWLQJDFHWDEXODUG\VSODVLD,WVKRXOGKRZHYHUEH
HPSKDVLVHGWKDWWKLVGHSWKLVRIWHQFDOFXODWHGLQ\HWDQRWKHUZD\DQGPXVWWKHUHIRUH
QRW EH FRQIXVHG ZLWK WKH GHSWK VSHFLILHG E\ $'5 $QRWKHU SRVVLEOH VRXUFH RI
FRQIXVLRQLVWKDWWKH$'5VRPHWLPHVLVUHIHUUHGWRLQGHJUHHVHYHQWKRXJKLWLVQRW
DQDQJOH7KLVDQQRWDWLRQFDQEHFRQIXVLQJDQGPLJKWEHUHODWHGWRWKH$&0DQJOHRI
 
,GHOEHUJHUDQG)UDQN7KH$&0DQJOHLVPHDVXUHGIURPWKHDFHWDEXODUHGJHWRWKH
ORZHUSRVWHULRUHQGRIWKHOXQDWHILJXUHDQGWKHGHSWKLVPHDVXUHGIURPWKHPLGGOHRI
WKLVOLQH7KHFRYHUDJHSHUFHQWDJHLVJLYHQZLWKWKHIRUPXODFRV$&0LQZKLFK
DQDFHWDEXOXPZLWKDQDQJOHRIFRUUHVSRQGVWRFRYHUDJHRIWKHKHPLVSKHUH
EXWDQDQJOHRIFRUUHVSRQGVWRRQO\FRYHUDJH$FFRUGLQJWR-DFREVHQWKH
$'5PHDVXUHPHQWLVDIIHFWHGE\SHOYLFURWDWLRQDQGLQFOLQDWLRQUHFOLQDWLRQDQGWKLV
VKRXOGEHNHSWLQPLQGZKHQUHVXOWVDUHDQDO\VHG
&RRSHUPDQGHVFULEHGDQ$'5RIOHVVWKDQDVSDWKRORJLFDO+RZHYHUKHGLGQRW
HODERUDWHRQWKHEDVLVIRUWKLVFXWRIIYDOXHDQGRWKHUVWXGLHVRQWKHQRUPDOUDQJHRI
WKH $'5 DUH KDUG WR ILQG LQ WKH OLWHUDWXUH 7KHUH DUH KRZHYHU D IHZ VWXGLHV RQ
+H\PDQDQG+HUQGRQ¶V$'5'HODXQD\DQGFROOHDJXHVPHQWLRQLQWKHLUSDSHUWKDW
WKHYDOXHVRIWKH+H\PDQDQG+HUQGRQUDWLRKDYHEHHQIRXQGLQYLYRWREHDURXQG
LQDGXOWVDQGLQDFRPSDULVRQRIQRUPDODQGG\VSODVWLFKLSVZLWKRVWHRDUWKULWLVDOO
QRUPDO KLSVZHUH VKRZQ WR KDYH D UDWLR RYHU $VPHQWLRQHG HDUOLHU+H\PDQ
DQG +HUQGRQ PXOWLSOLHG WKHLU UDWLR E\  LQVWHDG RI  +RZHYHU WKH YDOXHV
SURSRVHGE\/H'DPDQ\DQG0XUSK\GRQRWFRUUHVSRQGZHOOZLWK WKHYDOXHRI
SURSRVHGE\&RRSHUPDQ$SDSHUIURPRXUJURXSRQSDUWLFLSDQWVLQWKH+LS
3URMHFWHYDOXDWHGWKH6WXOEHUJDQG&RRSHUPDQ$'57KLVSDSHUSURSRVHGDQHZFXW
RIIYDOXHRIIRUPDOHVDQGIRUIHPDOHV
$FHWDEXODU URRI DQJOH RI 7|QQLV7KH DFHWDEXODU URRI DQJOH RI 7|QQLV $$ZDV
RULJLQDOO\SURSRVHGDVDPHDVXUHPHQWLQFKLOGUHQZLWKRSHQWULUDGLDWHFDUWLODJHDQG
+LOJHQUHLQHU¶V OLQH LQWHUWULUDGLDWH OLQH ZDV XVHG DV D UHIHUHQFH OLQH $
FRUUHVSRQGLQJ PHDVXUHPHQW IRU DGXOWV KDV EHHQ SURSRVHG XVLQJ WKH WHDUGURS OLQH
LQVWHDGRI+LOJHQUHLQHU¶VOLQHDVDUHIHUHQFH)LJXUH
7KH FOLQLFDO UDQJH IRU WKHPHDVXUHPHQW LV UHSRUWHG WR EH IURP  WR  GHJUHHV
ZKHUHDV YDOXHV JUHDWHU WKDQ  RU EHORZ  DUH UHIHUUHG WR DV DEQRUPDO
8QIRUWXQDWHO\WKHEDVLVIRUWKHVHFXWRIIYDOXHVLVQRWFOHDUO\GHVFULEHG0DVVLHDQG
+RZRUWK UHSRUWHG LQ  RQ WKH QRUPDO YDOXH IRU GLIIHUHQW DJH JURXSV )RU DGXOW
PDOHV KLSV DQG DGXOW IHPDOHV KLSV WKHPHDQYDOXH DQG LWV FRUUHVSRQGLQJ


Figure 26 Acetabular roof angle (AA) 
VWDQGDUG GHYLDWLRQ ZDV  DQG  GHJUHHV UHVSHFWLYHO\ /LQJJ DQG YRQ
7RUNOXVVWXGLHGDV\PSWRPDWLFDGXOWPDOHVDQGIRXQGDQRUPDOYDOXHUDQJHIURP
GHJUHHVWRGHJUHHV,QDUHSURGXFLELOLW\VWXG\E\%RXWWLHUDQGFROOHDJXHV
GHJUHHVZDVXVHGDVDFXWRII'HODXQD\HWDOXVHGGHJUHHVZKHUHDV-DFREVHQ
HW DO XVHG  GHJUHHV DV D FXWRII7KHUH LV FOHDUO\ QR FRQVHQVXV RQZKDW LV WKH
FRUUHFWFXWRIIYDOXHWRGHILQHKLSG\VSODVLDHYHQWKRXJKGHJUHHVLVSUREDEO\PRVW
FRPPRQO\XVHG7KHDFHWDEXODUURRIDQJOHLVRQO\LQFOXGHGLQSDSHU,,,LQWKLVWKHVLV
ZKHUHQRFXWRIIYDOXHZDVXVHG
:LEHUJ¶VFHQWUHHGJHDQJOH:LEHUJ¶VFHQWUHHGJH&(DQJOH)LJXUHLVRQHRI
WKHPRVW FRPPRQO\XVHGPHDVXUHPHQWV IRUKLSG\VSODVLD DQGZDVSURSRVHGE\ WKH
6ZHGLVK RUWKRSDHGLF VXUJHRQ *XQQDU :LEHUJ LQ KLV WKHVLV RQ WKH G\VSODVWLF
DFHWDEXOXPDQGFRQJHQLWDOVXEOX[DWLRQRIWKHKLSMRLQW7KHDQJOHLVIRUPHG
E\WZROLQHVRQHOLQHWKURXJKWKHFHQWUHRIWKHIHPRUDOKHDGDQGSHUSHQGLFXODUWRWKH
WUDQVYHUVHD[LVDQGDVHFRQG OLQH IURPWKHFHQWUHRI WKHIHPRUDOKHDG WR WKH ODWHUDO
DVSHFWRIWKHDFHWDEXOXP2ULJLQDOO\:LEHUJVWDWHGWKDWWKHWUDQVYHUVHD[LVVKRXOGEH
IRUPHG E\ DQ LQWHUFHQWUH OLQH EHWZHHQ WKH WZR IHPRUDO KHDGV EXW WKH OLWHUDWXUH
VXJJHVWV PRGLILFDWLRQV RI WKLV PHWKRG 0DXULFH ( 0OOHU VXJJHVWHG XVLQJ D OLQH
UXQQLQJ WKURXJK WKH WULUDGLDWH FDUWLODJH LQ FKLOGUHQ +LOJHQUHLQHU¶V OLQH DV D
 

Figure 27 Wiberg’s centre-edge (CE) angle 
UHIHUHQFHOLQH,QDGXOWVWKHFDUWLODJHLVFORVHGDQGQRWYLVLEOHLQUDGLRJUDSKV$OLQH
LQWHUVHFWLQJ WKH LQIHULRU WHDUGURS SRLQW RQ WKH WZR VLGHV ZDV SURSRVHG DV DQ
DOWHUQDWLYHUHIHUHQFHOLQHE\0OOHU7KHPRGLILHGPHWKRGRI0OOHUXVLQJWKHLQWHU
WHDUGURSOLQHLVXVHGLQSDSHUV,,,DQG,9
6RPH OLPLWDWLRQV WR WKH &(DQJOH ZHUH VWUHVVHG E\ 6KDUS ZKHQ KH LQWURGXFHG WKH
DFHWDEXODUDQJOHLQ7KHFHQWUHSRLQWRIDGHIRUPHGIHPRUDOKHDGFDQQRWEH
ORFDWHGDFFXUDWHO\VXEOX[DWLRQRUVLPSOHORVVRIMRLQWVSDFHDOWHUVWKH&(DQJOH
JLYLQJIDOVHUHDGLQJVDQGVXEOX[DWLRQRIWKHFRQWUDODWHUDOKLSDOVRDIIHFWVWKH&(
DQJOH )XUWKHU RWKHU FRQGLWLRQV RI QRQG\VSODVWLF RULJLQ WKDW ZLOO LQIOXHQFH WKH
PHDVXUHPHQW DUH D WLOWHG SHOYLV RU D QRQQHXWUDO SRVLWLRQ RI WKH IHPXU -DFREVHQ
IRXQG WKDW :LEHUJ¶V &( DQJOH ZDV VLJQLILFDQWO\ DIIHFWHG E\ YDU\LQJ URWDWLRQ DQG
LQFOLQDWLRQUHFOLQDWLRQ RI WKH FDGDYHU SHOYLVHV )XUWKHU LW VKRXOG EH QRWHG WKDW
VHYHUDO SDSHUV KDYH UHSRUWHG WKDW WKH &( DQJOH VKRZV DQ XSZDUG WHQGHQF\ ZLWK
DJH7KLVFDQEHGXHWRPDUJLQDOXQGHWHFWDEOHRVWHRSK\WHVRUDGHFUHDVLQJMRLQW
VSDFH,QD6ZHGLVKVWXG\RISHUVRQVDJHG\HDUV)UHGHQVERUJIRXQGWKH
&(DQJOHWRLQFUHDVHXSWRWKHDJHRIEXWZLWKRQO\DPLQLPDOLQFUHDVHDIWHUWKLV
DJH $NWDV DQG FROOHDJXHV VWXGLHG WKH KLS MRLQW PRUSKRPHWU\ DQG WKH DFHWDEXODU
G\VSODVLD UDWH LQ 7XUNLVK DGXOWV DJHG  \HDUV 7KH\ IRXQG D VWDWLVWLFDOO\

VLJQLILFDQW GLIIHUHQFH LQ WKH &( DQJOH IRU SHUVRQV LQ WKH ROGHVW DJH JURXS 
\HDUVFRPSDUHGWRWKH\RXQJHUSDWLHQWV6LPLODUILQGLQJVKDYHDOVREHHQGHVFULEHGLQ
DQ(J\SWLDQ  DQG&KLQHVHSRSXODWLRQ7KH LQFUHDVLQJ&(DQJOHPD\H[SODLQ WKH
KLJK RFFXUUHQFH RI KLSV ZLWK D SDWKRORJLFDO &( DQJOH LQ RXU FRKRUW GHVFULEHG LQ
SDSHU,9
,Q :LEHUJ¶V WKHVLV RI  KH SURSRVHG FXWRII YDOXHV IRU WKH &( DQJOH 2QH
KXQGUHGSHUVRQV PDOHVDQGIHPDOHV\HDUVZLWKDQRUPDOFOLQLFDOKLS
H[DPLQDWLRQZHUHVWXGLHG$SHOYLFUDGLRJUDSKZDVWDNHQZLWKDIRFDOGLVWDQFHRI
FPDQGZLWK WKH UD\V FHQWUHG WZR ILQJHUEUHDGWKVDERYH WKH V\PSK\VLV7KH UHVXOWV
ZHUH QRW PDWKHPDWLFDOO\ DQDO\VHG DV :LEHUJ IRXQG WKLV XQQHFHVVDU\ DV LW LV
LPSRVVLEOHWRVHWH[DFWILJXUHVIRUWKHERUGHUOLQHVEHWZHHQQRUPDODQGSDWKRORJLFDO
+RZHYHUKHFRQVLGHUHGD&(DQJOHEHORZGHJUHHV WREHSDWKRORJLFDOYDOXHVRI
! ZHUH FRQVLGHUHG QRUPDO ZKHUHDV YDOXHV RI  ZHUH FRQVLGHUHG DV D
ERUGHUOLQH JURXS ,Q SDSHU ,9 ERWK D FXWRII YDOXH RI  DQG ZHUH LQFOXGHG
+RZHYHUZHFODLPWKDWLVWKHDSSURSULDWHFXWRIIYDOXHZLWKUHVSHFWWRWKHPHDQ
6' IRXQG LQ RXU SRSXODWLRQ3DSHU ,9 7KHVH ILQGLQJV DUH DOVR VXSSRUWHG E\
RWKHUVDOWKRXJK0F:LOOLDPVDQGFROOHDJXHVUHSRUWHGWKDWWKHFXW
RIIYDOXHFRUUHVSRQGHGZHOOZLWKWKHLUSHUFHQWLOH,QDSDSHUSXEOLVKHGE\/DQH
DQGFRZRUNHUVZDVXVHGDVDFXWRII
2JDWD¶VUHILQHG&(DQJOH$PRGLILFDWLRQRI:LEHUJ¶V&(DQJOHZDVSURSRVHGE\
WKH-DSDQHVH'U2JDWDLQ)LJXUH7KHUHILQHG&(DQJOHRI2JDWDXVHVWKH
ODWHUDOHQGRIWKHVRXUFLO LH WKHZHLJKWEHDULQJDUHDRIWKHDFHWDEXOXPUDWKHUWKDQ
WKH ODWHUDO HGJH RI WKH DFHWDEXOXP ZKHQ WKHVH WZR SRLQWV GR QRW RYHUODS 7KH
EDFNJURXQGIRUWKLVPRGLILHGWHFKQLTXHZDV\RXQJSDWLHQWVZLWKDQRUPDO&(DQJOH
ZKR ODWHU GHYHORSHG D G\VSODVWLF DFHWDEXOXP ,Q VRPH RI WKHVH FDVHV2JDWD IRXQG
WKDWWKHODWHUDOSRLQWRIWKHERQ\FRQGHQVDWLRQRIWKHDFHWDEXODUURRIGLGQRWUHDFKWKH
ODWHUDO ULPRI WKHDFHWDEXODU URRIEXWZDVVLWXDWHGPRUHPHGLDOO\2JDWDVWDWHG WKDW
WKHKHDGFRYHUFRXOGEHPRUHDFFXUDWHO\GHWHUPLQHGE\XVLQJ WKH UHILQHG&(DQJOH
WKDQWKHRULJLQDOPHWKRGRI:LEHUJ7KHUHSHDWDELOLW\RIWKHPHWKRGZDVHYDOXDWHGLQ
 

Figure 28 Ogata’s refined centre-edge (CE) angle 
SDSHU,,,EXWWKHWHFKQLTXHZDVQRWLPSOHPHQWHGLQSDSHU,9DVWKHWZRWHFKQLTXHV
RYHUODSSHGIRUWKHPDMRULW\RIKLSVLQRXUFRKRUW
'U2JDWD FODLPHG WKDW KLSV LQZKLFK WKH VRXUFLO GLG QRW H[WHQG WR WKH ODWHUDO ERQ\
DFHWDEXODUURRIPDUJLQUHSUHVHQWHGFDVHVZLWKDGHIHFWSRVWHULRUSDUWRIWKHDFHWDEXODU
URRILQYDU\LQJGHJUHHV.LPDQGFROOHDJXHVREVHUYHGWKDWWKHPRVWODWHUDOSRLQWRI
WKH DFHWDEXODU URRI UHSUHVHQWHG WKH DQWHURODWHUDO SRUWLRQ RI WKH DFHWDEXOXP DQG WKH
PRVWODWHUDOSRLQWRIWKHVRXUFLOLQGLFDWHGWKHODWHUDOPDUJLQRIWKHPLGVXSHULRUSDUWRI
WKHDFHWDEXOXPRQDSODLQUDGLRJUDSK7KHVHWZRREVHUYDWLRQVGHPRQVWUDWHWKDWDQ
DFHWDEXODUURRILQZKLFKWKHVRXUFLOGRHVQRWH[WHQGWRWKHODWHUDOPDUJLQRQDSODLQ
UDGLRJUDSK KDV D PRUH GHYHORSHG DQWHULRU SRUWLRQ FRPSDUHG WR WKH PLGGOH DQGRU
SRVWHULRU SRUWLRQV 7KLV LQGLFDWHV WKDW XVLQJ WKH ODWHUDO SRLQW DV D ODQGPDUN DV
SURSRVHG E\ ERWK 6KDUS DQG:LEHUJ LQ WKHLU DQJOHV UHVSHFWLYHO\ RYHUHVWLPDWHV WKH
DFHWDEXODU VORSH LQ KLSV ZLWK D GHIHFWLYH DFHWDEXODU URRI 7KLV YLHZ ZDV DOVR
VXSSRUWHGE\gPHURJOXHWDOZKRVWDWHG WKDW WKH2JDWDFODVVLILFDWLRQV\VWHPZDVD
UHOLDEOHDQGUHSURGXFLEOHUDGLRORJLFDOLQGLFDWRUIRUUHIOHFWLQJWKHDFHWDEXODUFRYHU
7RP\NQRZOHGJHWKHRQO\VWXG\GHILQLQJWKHQRUPDOUDQJHRI2JDWD¶VDQJOHLVEDVHG
RQGDWDIURPWKH+LS3URMHFW7KHSURSRVHGFXWRIIYDOXHVLQWKLVSDSHUDUH


Figure 29 Femoral head extrusion index (FHEI) 
GHJUHHV ORZHU WKDQ WKRVH IRU :LEHUJ¶V &( DQJOH  RU  GHJUHHV YV  RU 
GHJUHHVIRUIHPDOHVDQGPDOHVUHVSHFWLYHO\+RZHYHULWDSSHDUVLQWKHOLWHUDWXUHWKDW
WKH FXWRII YDOXHV DSSOLHG IRU:LEHUJ¶V &( DQJOH DUH DOVR XVHG IRU 2JDWD¶V DQJOH
-DFREVHQ UHIHUV WR RQH RI KLV PHDVXUHPHQWV DV :LEHUJ¶V &( DQJOH ZLWK WKH
FRUUHVSRQGLQJFXWRIIYDOXHV%XWKHDOVRVWDWHVWKDWWKH\KDYHFKRVHQWRGHVLJQDWHWKH
UHDGLO\ LGHQWLILDEOH ODWHUDOPDUJLQRI WKHVXEVFOHURWLFVRXUFLODV WKHLU ODWHUDOSRLQWRI
UHIHUHQFH 7KLV FRUUHVSRQGV WR WKH ODWHUDO SRLQW GHILQHG LQ 2JDWD¶V UHILQHG &(
DQJOHPHDQLQJ WKDW -DFREVHQPHDVXUHG2JDWD¶V DQJOH DQG QRW:LEHUJ¶V DQJOH %\
XVLQJWKHODWHUDOHQGRIWKHVRXUFLOUDWKHUWKDQWKHODWHUDOHGJHRIWKHDFHWDEXOXPWKH
PHDVXUHGDQJOHGHFUHDVHVLQWKRVHFDVHVWKHVHWZRSRLQWVGRQRWFRUUHVSRQG%\XVLQJ
WKHVDPHFXWRIIYDOXHVDVSURSRVHGIRU:LEHUJ¶V&(DQJOHDKLJKHUSURSRUWLRQRIWKH
VWXGLHGSRSXODWLRQZLOOEHGHILQHGZLWKDSDWKRORJLFDODQJOH,QSDSHU,9RXUUHVXOWV
IRU:LEHUJ¶V &( DQJOH DUH FRPSDUHG WR -DFREVHQ¶V UHVXOWV IRU 2JDWD¶V UHILQHG &(
DQJOH 7KLV LV D VRXUFH RI HUURU ZKHQ WKH UHVXOWV DUH LQWHUSUHWHG DV WKH GLIIHUHQFH
EHWZHHQ WKH UHVXOWV ZRXOG EH JUHDWHU LI H[DFWO\ WKH VDPH PHDVXUHPHQW WHFKQLTXHV
ZHUHXVHG
)HPRUDO KHDG H[WUXVLRQ LQGH[ 7KH IHPRUDO KHDG H[WUXVLRQ LQGH[ )+(, ZDV
SURSRVHG E\ +H\PDQ DQG +HUQGRQ LQ  DV D PHDVXUH RI WKH FRYHUDJH RI WKH
 

Figure 30 The shape of the sourcil in a normal, borderline and dysplastic hip. 
A) B) C)
IHPRUDOKHDG)LJXUH7KHPHDVXUHPHQWLVDOVRUHIHUUHGWRDV³DFHWDEXODUKHDG
LQGH[´ WKH ³IHPRUDO KHDG FRYHUDJH´ RU WKH ³DFHWDEXOXPKHDG TXRWLHQW´ $
VPDOOHULQGH[LQGLFDWHVDPRUHG\VSODVWLFKLSDQGDFRYHUDJHRIOHVVWKDQLVRIWHQ
FRQVLGHUHG SDWKRORJLFDO :LLJ HW DO YDOLGDWHG WKH PHDVXUHPHQW LQ SDWLHQWV
UHIHUUHG GXH WR 3HUWKHV¶ GLVHDVH LQ WKH FRQWUDODWHUDO KLS 7KHPHDQ6' IHPRUDO
KHDGH[WUXVLRQLQGH[LQQRUPDOKLSVZDVUHSRUWHGWREHUDQJLQJIURP
GHSHQGLQJRQWKHREVHUYHUPHDVXULQJWKHUDGLRJUDSKV7KXVWKH\DUJXHWKDWFDQ
EH UHJDUGHGDVD UHDVRQDEOH ORZHU OLPLWRIQRUPDOYDULDWLRQ6RPHDXWKRUVDOVRXVH
WKH)+(,WRGHVFULEHWKHRSSRVLWHLHKRZPXFKRIWKHIHPRUDOKHDGOLHVODWHUDOO\WR
WKH DFHWDEXODU HGJH DOVR WHUPHG ³WKHPLJUDWLRQ LQGH[´ $ VWXG\ RI DQ (J\SWLDQ
SRSXODWLRQDJHGIRXQGWKDWWKHLQGH[LQFUHDVHGZLWKSDWLHQWDJH7KHIHPRUDO
KHDGH[WUXVLRQLQGH[ZDVPHDVXUHGLQSDSHU,9
6XEMHFWLYH HYDOXDWLRQ RI WKH VRXUFLO$ VXEMHFWLYH HYDOXDWLRQ RI WKH VKDSH RI WKH
VRXUFLO )LJXUH  RU WKH ODWHUDO SDUW RI WKH DFHWDEXOXP KDV EHHQ SURSRVHG DV D
WHFKQLTXHWRHYDOXDWHG\VSODVWLFKLSV1RUPDOO\WKHODWHUDOSDUWVKRXOGKDYHDFRQFDYH
PDUJLQ,QERUGHUOLQHKLSVWKHODWHUDOPDUJLQLVKRUL]RQWDODQGLQG\VSODVWLFKLSVWKH
ODWHUDOSDUWLVFRQYH[ZLWKDVORSLQJPDUJLQ$VWKLVWHFKQLTXHLVEDVHGRQVXEMHFWLYH
HYDOXDWLRQDORQHLWLVLPSRVVLEOHWRGHWHUPLQHFXWRIIYDOXHVDQGWRFRPSDUHILQGLQJV
EHWZHHQ VWXGLHV 7KLV ZHDNHQV WKH WHFKQLTXH 7KH HYDOXDWLRQ RI WKH VRXUFLO ZDV
LQFOXGHGLQSDSHU,9
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10.1.8 Ethics 
$OOVXEVWXGLHVLQWKLVWKHVLVZHUHDSSURYHGE\WKH5HJLRQDO&RPPLWWHHIRU0HGLFDO
DQG+HDOWK5HVHDUFK(WKLFV7KHPDMRUHWKLFDOFRQVLGHUDWLRQUHODWHG WR WKLV WKHVLV LV
WKH UDGLRJUDSKLF H[DPLQDWLRQ RI KHDOWK\ DGROHVFHQWV 7KH UHVHDUFK SURWRFRO ZDV
DSSURYHGDFFRUGLQJWRVWDQGDUGUHJXODWLRQV$OOWHHQDJHUVSDUWLFLSDWHGYROXQWDULO\DQG
VHYHUDO SUHFDXWLRQVZHUH WDNHQ 7KH H[DPLQDWLRQ FRQVLVWHG RI WZR UDGLRJUDSKV EXW
ZH VWURQJO\ IRFXVHG RQPLQLPLVLQJ WKH UDGLDWLRQ H[SRVXUH$OOPDOHVZHUH RIIHUHG
JRQDGDOSURWHFWLRQEXWQRWDOOZHUH LQWHUHVWHGLQXVLQJLW)HPDOHVZHUHQRWRIIHUHG
WKLV SURWHFWLRQ DV D OHDG SURWHFWLRQ FRYHULQJ WKH RYDULDQ UHJLRQ ZRXOG DOVR KLGH
VHYHUDO LPSRUWDQW UDGLRORJLFDO ODQGPDUNV +RZHYHU IHPDOHV ZLWK DQ XQFHUWDLQ
SUHJQDQF\ VWDWXV ZHUH H[FOXGHG IURP UDGLRJUDSKLF HYDOXDWLRQ $ VSHFLDOO\ WUDLQHG
UDGLRJUDSKHU SHUIRUPHG DOO WKH H[DPLQDWLRQV 6KH ZDV LQVWUXFWHG WR DGDSW WKH
UDGLDWLRQ GRVHV WR HDFK SDUWLFLSDQW WR PDNH WKHP DV ORZ DV SRVVLEOH ZLWKRXW
FRPSURPLVLQJWKHTXDOLW\RI WKHUDGLRJUDSKV$OOUDGLDWLRQGRVHVZHUHUHFRUGHGDQG
WKHPHDQGRVHV LQ WKH$3YLHZZDV P6YDQGP69LQ WKH IURJOHJYLHZ
JLYLQJ D WRWDO UDGLDWLRQ GRVH RI  P6Y IRU HDFK SDUWLFLSDQW $FFRUGLQJ WR WKH
1RUZHJLDQ 5DGLDWLRQ 3URWHFWLRQ $XWKRULW\ WKH QDWXUDO UDGLDWLRQ LQ 1RUZD\ YDULHV
IURP6YKWR6YK7KLVLVHTXLYDOHQWWRDQDQQXDOGRVHRIWR
P6Y7KHJHQHUDOSRSXODWLRQUHFHLYHVDQDQQXDOUDGLDWLRQGRVHRIDSSUR[LPDWHO\
WRP6YDQGKDOIRIWKLVLVIURPUDGRQUDGLDWLRQLQSHRSOH¶VKRPHV7KHH[SRVXUH
WRFRVPLFUDGLDWLRQLQFUHDVHVWKHFORVHUZHDUHWRRXWHUVSDFHLHGXULQJIOLJKWVDQG
LV DOVR LQIOXHQFHG E\ WKH HOHYDWLRQ RI WKH DUHD RI ZKHUH ZH OLYH 7KH HVWLPDWHG
UDGLDWLRQGRVHIRUDIOLJKWLVP6YDSSUR[LPDWHO\KDOIRIWKHGRVHRIDFKHVW
UDGLRJUDSK7KH DQQXDO WKUHVKROG RI H[SRVXUH IRU KHDOWKZRUNHUV LV P6Y7KLV
GHPRQVWUDWHVWKDWWKHDWWHQGHHVLQRXUVWXG\ZHUHH[SRVHGWRDORZOHYHORIUDGLDWLRQ
VLPLODUWRGD\VRIQDWXUDOUDGLDWLRQZKLFKLVQRWH[SHFWHGWRLQYROYHDQ\KHDOWK
ULVN

 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10.2 RESULTS 
10.2.1 Is the screening programme for hip dysplasia sufficient? 
&OLQLFDOVFUHHQLQJIRUKLSG\VSODVLDLQ1RUZD\VWDUWHGLQ%HUJHQLQLQLWLDWHGE\
:DOWKHU DQG0RH ,Q WKLV SHULRG WKHUHZHUHQRRIILFLDO KHDOWK FOLQLFV LQ1RUZD\
RQO\ WKRVH HVWDEOLVKHG DQG UXQ E\ WKH 1RUZHJLDQ :RPHQ¶V 3XEOLF +HDOWK
$VVRFLDWLRQ ,Q WKH V LW ZDV GHFLGHG WR PDNH WKH RIIHU DYDLODEOH WR WKHZKROH
SRSXODWLRQ E\ OHWWLQJ LW EHFRPH D SXEOLF FRQFHUQ 7KH ³$FW RQ+HDOWK&OLQLFV DQG
+HDOWK0HDVXUHVIRU&KLOGUHQ´FDPHLQWRIRUFHLQDQGDQDWLRQDOJXLGHERRNIRU
SK\VLFLDQV RQ FOLQLFDO H[DPLQDWLRQ LQFOXGLQJ VFUHHQLQJ IRU KLS G\VSODVLD ZDV
SURGXFHG7KH LQVWUXFWLRQVZHUHPXFK WKHVDPHDV WRGD\DQG WKH LPSRUWDQFHRI WKH
DEGXFWLRQ WHVWZDV VWUHVVHG ,Q WKHPLGHLJKWLHV UDGLRJUDSKLFVFUHHQLQJ IRU WKRVHDW
LQFUHDVHG ULVN IRU KLS G\VSODVLD ZDV LQWURGXFHG 7KH VFUHHQLQJ SURJUDPPH IRU KLS
G\VSODVLDLQ1RUZD\QRZDGD\VLVEDVHGRQURXWLQHFOLQLFDOVFUHHQLQJGXULQJWKHILUVW
RUVHFRQGGD\DIWHUGHOLYHU\$QDGGLWLRQDOXOWUDVRXQGH[DPLQDWLRQLVRIIHUHGWRWKRVH
DW DQ LQFUHDVHG ULVN IRU KLS G\VSODVLD 7KLV SURJUDPPH ZDV LQIRUPHG E\ WZR
5&7¶VDQGILUVWLQWURGXFHGLQ%HUJHQLQ/DWHUVLPLODUSURJUDPPHVZHUH
LQWURGXFHGLQVHYHUDORWKHUFHQWUHV
8QFRUUHFWHG KLS G\VSODVLD LV DVVRFLDWHG ZLWK VLJQLILFDQW ORQJWHUP PRUELGLW\
LQFOXGLQJ FKURQLF SDLQ JDLW DEQRUPDOLWLHV DQG SUHPDWXUH GHJHQHUDWLYH FKDQJHV
ZDUUDQWLQJ D WRWDO KLS UHSODFHPHQW LQ \RXQJ DGXOWKRRG (DUO\ VFUHHQLQJ IRU KLS
G\VSODVLD KDV WKH SRWHQWLDO WR SUHYHQW WKHVH ORQJWHUP HIIHFWV 'LIIHUHQW HQGSRLQWV
KDYHEHHQXVHGLQRUGHUWRHYDOXDWHGLIIHUHQWVFUHHQLQJSURJUDPPHVIRUKLSG\VSODVLD
2QHFRPPRQO\XVHGRXWFRPHLVWKHLQFLGHQFHRIODWHGLDJQRVHGG\VSODVLD!PRQWK
RI DJH2WKHUVPD\ EH WUHDWPHQW UDWHV RSHQ VXUJHU\ GHOD\HG DEGXFWLRQ VSOLQWLQJ
DYDVFXODU QHFURVLV $91 GHOD\HG ZDONLQJ OLPE OHQJWK GLVFUHSDQF\ JDLW
DEQRUPDOLW\ FKURQLF KLS SDLQ RVWHRDUWKULWLV 2$ RI WKH KLS DQG WRWDO KLS
UHSODFHPHQW
$WRWDOKLSUHSODFHPHQW7+5LVWKHHQGVWDJHWUHDWPHQWIRUKLSRVWHRDUWKULWLVGXHWR
KLS G\VSODVLD $OO 7+5V SHUIRUPHG LQ 1RUZD\ DUH UHJLVWHUHG LQ WKH 1RUZHJLDQ

$UWKURSODVW\ 5HJLVWHU 7KH \RXQJHVW SDWLHQW LQ WKH UHJLVWHU LV  \HDUV DQG WKH
\RXQJHVWRQHZKRKDGD7+5RSHUDWLRQGXHWRKLSG\VSODVLDLV\HDUV,IWKHFXUUHQW
VFUHHQLQJ SURJUDPPH RI KLS G\VSODVLD LV WR EH HYDOXDWHG RQ WKH EDVLV RI WKH
SHUFHQWDJHRIVXEMHFWVVXIIHULQJIURPDVHYHUHHQGVWDJH2$LQQHHGRID7+5GXULQJ
OLIH WKHIROORZXSSHULRGVKRXOGEHORQJHU+RZHYHUWKHLQFLGHQFHRI7+5VGXHWR
KLS G\VSODVLD PD\ UHIOHFW WKH HIIHFW RI FOLQLFDO VFUHHQLQJ DORQH WKH VFUHHQLQJ
SURJUDPPH XQWLO WKH V ,Q SDSHU , ZH IRXQG WKDW RQO\  RI WKRVH ZKR
XQGHUZHQW 7+5 GXH WR G\VSODVLD ERUQ DIWHU  PD[LPXP DJH DW IROORZXS 
\HDUVZHUH UHSRUWHG WR WKH0HGLFDO %LUWK 5HJLVWU\ RI1RUZD\ 0%51 DV KDYLQJ
LQVWDEOH KLSV DW ELUWK 7KH \RXQJ SDWLHQWV  \HDUV ZLWK D SULPDU\ WRWDO KLS
DUWKURSODVW\UHJLVWHUHGLQWKH1RUZHJLDQ$UWKURSODVW\5HJLVWHUZHUHVWXGLHGLQSDSHU
,,DQGWKHUHVXOWVIURPSDSHU,ZHUHFRQILUPHGDVRQO\ZHUHWUHDWHGZLWKHDUO\
DEGXFWLRQ)UHMNDSLOORZ$OOZHUHLQQHHGRIKLSSUHVHUYLQJVXUJHU\ODWHULHQRQH
RIWKRVHZLWKRQO\WKH)UHMNDSLOORZDVWUHDWPHQWUHFHLYHGD7+5ODWHU,WLVWKHUHIRUH
RILQWHUHVWWRTXHVWLRQZK\WKHPDMRULW\ZHUHQRWGLDJQRVHGDWELUWK7KLVFDQLQGLFDWH
ZHDNQHVVHVLQWKHFOLQLFDOVFUHHQLQJSURJUDPPHDVDOOWKHSDWLHQWVZHUHERUQDWDWLPH
ZKHQ WKH VFUHHQLQJ SURJUDPPH RQO\ FRQVLVWHG RI FOLQLFDO H[DPLQDWLRQ :LWK WKH
LQWURGXFWLRQ RI XOWUDVRXQG LQ WKH EHJLQQLQJ RI WKH V RXU NQRZOHGJH RI WKH
QHZERUQ KLS KDV LQFUHDVHG 7RGD\ ZH NQRZ WKDW PRVW XQVWDEOH KLSV ZLOO UHVROYH
VSRQWDQHRXVO\DQGWKLVFDQEHPRQLWRUHGE\XOWUDVRXQG7KHKLSVDUHHYDOXDWHGERWK
G\QDPLFDOO\DQGVWDWLFDOO\$KLJKFRUUHODWLRQEHWZHHQWKHWZRH[DPLQDWLRQVLVVHHQ
EXWZHNQRZ WKDW KLSV FDQEHPLOGO\G\VSODVWLFEXW VWDEOH DQGDUH DFFRUGLQJO\QRW
GHWHFWHGLQDVFUHHQLQJSURJUDPPHEDVHGRQFOLQLFDOH[DPLQDWLRQDORQH$SRVVLELOLW\
LVWKDWKLSVLQQHHGRID7+5LQ\RXQJDGXOWKRRGUHSUHVHQWVXFKFDVHV+RZHYHUWKH
SRSXODWLRQ LQFOXGHG LQ WKH VFUHHQLQJSURJUDPPHXVHG WRGD\ LV VWLOO WRR \RXQJ IRUD
7+5VR LW LV WRRHDUO\ WRFRQFOXGHZKHWKHURUQRW WKHDGGLWLRQRIXOWUDVRXQG WR WKH
VFUHHQLQJSURJUDPPHZLOOLQIOXHQFHWKHQHHGIRUD7+5GXHWRKLSG\VSODVLD$QRWKHU
H[SODQDWLRQZKLFKKDVEHHQFRQILUPHGE\RWKHUVPD\EH WKDW WKHKLSVDUHDFWXDOO\
QRUPDO LQ WKH QHRQDWDO SHULRG EXW WHQG WR GHYHORS LQWR G\VSODVWLF KLSV GXULQJ
JURZWK -RQHV DQG FROOHDJXHV UHSRUWHG RQ ILYH SDWLHQWV ZLWK LQLWLDOO\ QRUPDO
G\QDPLF DQG VWDWLF XOWUDVRXQG EXW ZKR UHWXUQHG ZLWK D GLVORFDWLRQ 7KH\
 
UHFRPPHQGDSHOYLFUDGLRJUDSKDWPRQWKVLQSDWLHQWVZLWKDQRUPDOXOWUDVRXQGWR
SUHYHQWVXFK ODWHFDVHV$OVR5DILTXHHWDOSXEOLVKHGD UHSRUWRIDEUHHFKERUQJLUO
ZLWK D QRUPDO FOLQLFDO DQG VWDWLF XOWUDVRXQG H[DPLQDWLRQ DV QHZERUQ EXW ZKR
UHWXUQHGZLWKDGLVORFDWHGULJKWKLSDWDJHPRQWKV(YHQ WKRXJK WKHUH LVJRRG
FRQVHQVXV WKDWXOWUDVRXQG LVD VDIHDQGHIIHFWLYH VFUHHQLQJ WRRO IRUKLSG\VSODVLD LQ
LQIDQWV WKH UHFRPPHQGDWLRQV UHJDUGLQJ UDGLRJUDSKLF IROORZXS RI KLSV GHHPHG
QRUPDOE\XOWUDVRXQGVFUHHQLQJDUHOHVVFOHDU6RPHDXWKRUVFODLPWKDWKLSG\VSODVLD
LV DQ HYROYLQJ FRQGLWLRQ WKDW XVXDOO\ LPSURYHV EXW FDQ DOVR ZRUVHQ DQG WKDW WKH
SHUVRQVQHHGWREHPRQLWRUHGEXWVHYHUDODXWKRUVKDYHVXJJHVWHGWKDWSDWLHQWVFDQ
EHGLVFKDUJHGIROORZLQJDQRUPDOVFUHHQLQJXOWUDVRXQG
$ UHYLHZ SHUIRUPHG E\ WKH &RFKUDQH &ROODERUDWLRQ LQ  RI ILYH LQGHSHQGHQW
VWXGLHV IRXQG LQVXIILFLHQW HYLGHQFH WR JLYH FOHDU UHFRPPHQGDWLRQV IRU VFUHHQLQJ
SUDFWLFH7KH\VWDWHGWKDWQHLWKHUXQLYHUVDOQRUVHOHFWLYHXOWUDVRXQGVWUDWHJLHVKDYH
EHHQ GHPRQVWUDWHG WR LPSURYH FOLQLFDO RXWFRPHV LQFOXGLQJ ODWH GLDJQRVHG KLS
G\VSODVLDDQGVXUJHU\$QRWKHUUHYLHZSDSHUDOVRFRQFOXGHGZLWKDODFNRIHYLGHQFH
HLWKHU IRU RU DJDLQVW JHQHUDO XOWUDVRXQG VFUHHQLQJ RI QHZERUQ LQIDQWV IRU KLS
G\VSODVLD%XWDVODWHGHWHFWHGKLSG\VSODVLDDQGVXUJHU\DUHXQFRPPRQHYHQWVWKH
VWXGLHVZHUHXQGHUSRZHUHGWRGHWHFWVLJQLILFDQWGLIIHUHQFHV,QRQHRIWKHUDQGRPLVHG
FOLQLFDOWULDOVWKLVZDVFDXVHGE\DORZHULQFLGHQFHRIODWHVXEOX[DWLRQRUGLVORFDWLRQ
LQ WKH VWXG\ SHULRG WKDQ LQ WKH SHULRG SULRU WR VWXG\ VWDUW FDXVLQJ LQVLJQLILFDQW
UHVXOWV+RZHYHUZKHQFRPSDUHGZLWKWKHSUHVWXG\SHULRGWKHUDWHVRIODWHFDVHV
IRU WKHXQLYHUVDODQGVHOHFWLYHXOWUDVRXQGJURXSVZHUHVLJQLILFDQWO\ ORZHU WKDQZLWK
FOLQLFDO VFUHHQLQJ DORQH  DQG  SHU  YV  SHU  OLYH QHZERUQV $
VWXG\RIWKHORQJWHUPRXWFRPHRIWKHWKUHHGLIIHUHQWXOWUDVRXQGVFUHHQLQJVWUDWHJLHV
XQLYHUVDO XOWUDVRXQG VHOHFWLYH XOWUDVRXQG DQG RQO\ FOLQLFDO VFUHHQLQJ IRU KLS
G\VSODVLDLQWKH%HUJHQ+LS&RKRUWFRPSULVHGIROORZXSGDWDRQ\HDU
ROGV. 1R VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFH LQ UDGLRJUDSKLF RU IXQFWLRQDO VWDWXV
EHWZHHQ WKH WKUHHVFUHHQLQJJURXSVDWVNHOHWDOPDWXULW\ZDV IRXQG$FFRUGLQJO\DQ
DGGHG YDOXH RI XQLYHUVDO RU VHOHFWLYH XOWUDVRXQG VFUHHQLQJ IRU KLS G\VSODVLD LQ
QHZERUQVZDVQRWIRXQGDWVNHOHWDOPDWXULW\

'HVSLWHWKHODFNRIVWXGLHVGHPRQVWUDWLQJDVLJQLILFDQWUHGXFWLRQLQWKHODWHFDVHVDQG
VXUJHU\ LQ SRSXODWLRQV VFUHHQHGZLWK XOWUDVRXQG WKHUH DUH VWURQJ UHFRPPHQGDWLRQV
RQFOLQLFDOVFUHHQLQJZLWKDQDGGLWLRQDOKLSXOWUDVRXQG7KHUHDUHKRZHYHUYDU\LQJ
SUHIHUHQFHV IRU D SDUWLFXODU VWUDWHJ\ ,QFUHDVHG WUHDWPHQW UDWHV IRU XQLYHUVDO
XOWUDVRXQG VFUHHQLQJ YHUVXV VHOHFWLYH XOWUDVRXQG VFUHHQLQJ DUH IRXQG LQ WKH
OLWHUDWXUH )XUWKHU ZH NQRZ WKDW PRVW RI WKH KLSV UHFHLYLQJ DEGXFWLRQ WUHDWPHQW
ZRXOG KDYH UHVROYHG VSRQWDQHRXVO\ZLWKRXW WUHDWPHQW ,W LV KRZHYHU GLIILFXOW WR
LGHQWLI\ WKRVH KLSV LQ QHHG RI HDUO\ WUHDWPHQW 7KH FOLQLFDO SUDFWLFH LV WKHUHIRUH DQ
RYHUWUHDWPHQWDVLWLVEHOLHYHGWKDWLWLVRIPLQLPDOVWUDLQDQGWKHFRQVHTXHQFHVRIQRW
WUHDWLQJFDQEHGUDPDWLF%XWFRPSOLFDWLRQVZLWKDEGXFWLRQWUHDWPHQWHJWKH)UHMND
SLOORZ WKH PRVW FRPPRQ WUHDWPHQW IRU HDUO\ KLS G\VSODVLD DUH VHHQ LQFOXGLQJ
DYDVFXODU QHFURVLV RI WKH IHPRUDO KHDG IHPRUDO QHUYH SDOVLHV SUHVVXUH VRUHV DQG
SDUHQWDODQ[LHW\
7KHLQWURGXFWLRQRIXOWUDVRXQGVFUHHQLQJLQWKHVDQGVUHSUHVHQWHGSURJUHVV
LQQHZERUQVFUHHQLQJIRUKLSG\VSODVLDDVWKHKLSMRLQWQRZFRXOGEHYLVXDOLVHG%XW
WKH IDFW WKDW WUHDWPHQW UDWHV LQFUHDVHZLWK XQLYHUVDO XOWUDVRXQG VFUHHQLQJ VKRXOG EH
NHSW LQ PLQG 7KH 1RUZHJLDQ VFUHHQLQJ SURJUDPPH IRU KLS G\VSODVLD IRFXVHV RQ
FOLQLFDOVFUHHQLQJZLWKDGGLWLRQDOXOWUDVRXQGVFUHHQLQJIRUULVNJURXSVDQGLIFOLQLFDO
V\PSWRPVDUHSUHVHQWHG+RSHIXOO\WKLVLVDJRRGDSSURDFK+RZHYHULWVKRXOGDOVR
EH HPSKDVLVHG WKDW VRPH VWXGLHV LQGLFDWH WKDW D QRUPDO KLS FDQ GHYHORS LQWR D
G\VSODVWLF KLS&DUHIXO H[DPLQDWLRQ GXULQJ FKLOGKRRG LV LPSRUWDQW DQG WKHUH
VKRXOGEHDORZWKUHVKROGIRUUHIHUUDOWRUDGLRJUDSKLFH[DPLQDWLRQDQGRUFRQVXOWDWLRQ
E\DSDHGLDWULFLDQRURUWKRSDHGLFVXUJHRQLIG\VSODVLDLVVXVSHFWHG7KHLPSRUWDQFHRI
WKLV LV UHYHDOHG LQSDSHU ,,DVZHIRXQG WKDWPRVW\RXQJDGXOWVZLWKD7+5GXH WR
G\VSODVLDDUHODWHGHWHFWHG7KHPHGLDQDJHRIG\VSODVLDGLDJQRVLVIRUSHUVRQVZLWKD
7+5GXHWRG\VSODVLDZDV\HDUV+RZHYHUWKHVHGDWDDUHEDVHGRQSHUVRQVERUQ
ZKHQFOLQLFDOVFUHHQLQJDORQHZDVWKHURXWLQHVFUHHQLQJSURJUDPPH)XUWKHUIROORZ
XS VWXGLHV DUH QHHGHG WR VWXG\ WKH ORQJWHUP HIIHFWV RI WKH GLIIHUHQW VFUHHQLQJ
SURJUDPPHV

 
10.2.2 Treatment options for hip dysplasia 
7UHDWPHQW IRU KLS G\VSODVLD GHSHQGV RQ DJH DW GLDJQRVLV DQG WKH VHYHULW\ RI WKH
FRQGLWLRQ ,Q FDVHV RI VHYHUH G\VSODVLD RU D SHUVLVWHQW GLVORFDWDEOH KLS LQ WKH
QHZERUQDEGXFWLRQWUHDWPHQW)UHMNDSLOORZXVHGLQ1RUZD\LVVWDUWHGLPPHGLDWHO\
,QFDVHVRIPLOGG\VSODVLDVRQRJUDSKLFVXUYHLOODQFHLVSHUIRUPHGXQWLOQRUPDOLVDWLRQ
RU XQWLO IXUWKHU DFWLRQ LV FRQVLGHUHG QHFHVVDU\ 7KLV DSSURDFK KDV UHGXFHG
RYHUWUHDWPHQWDPRQJQHRQDWHVDQGLQIDQWV
)XUWKHUSRVVLEOHWUHDWPHQWRSWLRQVDUHRUWKRVLVRUDKLSVSLFDFDVW,QFDVHVZKHUHWKH
IHPRUDOKHDGFDQQRWEHUHORFDWHGWRWKHDFHWDEXODUFDYLW\WUDFWLRQRURSHQUHGXFWLRQ
PD\EHQHFHVVDU\SULRUWRDKLSVSLFDFDVW+LSVZLWKSRRUDFHWDEXODUFRYHUDJHPD\
EHLQQHHGRIVXUJHU\'LIIHUHQWSHOYLFRVWHRWRPLHVDQGIHPRUDOURWDWLRQRVWHRWRPLHV
DUH WKH PRVW FRPPRQ SURFHGXUHV ,Q \RXQJ DGXOWV ZLWK UHVLGXDO KLS G\VSODVLD D
SHULDFHWDEXODURVWHRWRP\3$2LVDQRSWLRQWRUHVWRUHWKHVKDSHRIWKHKLSMRLQW7KH
SURFHGXUH LQYROYHV PDNLQJ VHYHUDO DQJXODU FXWV RQ WKH SHOYLV VHSDUDWLQJ WKH KLS
VRFNHWIURPWKHSHOYLV7KLVDOORZVIUHHURWDWLRQRIWKHVRFNHWLQWKUHHGLPHQVLRQVDQG
WKHVRFNHWFDQWKHQEHSODFHGLQHVVHQWLDOO\DQ\SRVLWLRQ$3$2UHYHDOVWKHQHHGRID
7+5+RZHYHU3$2 LVPDMRU VXUJHU\ DQG WKHUH LV D ULVNRI FRPSOLFDWLRQV VXFK DV
QHUYHLQMXU\QRQXQLRQRISHOYLFERQHVDQGLQIHFWLRQV
<RXQJDGXOWVZLWKDWRWDOKLSUHSODFHPHQWGXHWRKLSG\VSODVLDZHUHVWXGLHGLQSDSHU
,,7KHPHGLFDOUHFRUGVZHUHUHYLHZHGDQGWKHWUHDWPHQWIRUWKHLUKLSG\VSODVLDZDV
QRWHG&RPPRQWRWKHVHSDWLHQWVZDVWKHKLJKDJHDWG\VSODVLDGLDJQRVLVPHGLDQ
\HDUV 7KLV LV QRWHZRUWK\ DQG LQ DJUHHPHQW ZLWK WKH ILQGLQJV LQ SDSHU , ZKLFK
UHSRUWHG WKDWRQO\RIDOOSDWLHQWVZKRXQGHUZHQW7+5GXH WRDQXQGHUO\LQJKLS
G\VSODVLD KDG QR UHSRUWHG KLS LQVWDELOLW\ LQ WKH QHZERUQ SHULRG DV DVVHVVHG E\
FOLQLFDO H[DPLQDWLRQ )XUWKHU ZH IRXQG WKDW WKH PDMRULW\ RI WKH SDWLHQWV KDG
XQGHUJRQHKLSSUHVHUYLQJWUHDWPHQWSULRUWRWKHLU7+5+LSSUHVHUYLQJWUHDWPHQWZDV
UHSRUWHG IRU  RI WKH FRQILUPHG G\VSODVWLF KLSV 7ZHQW\VL[ SHUFHQW KDG QR
WUHDWPHQWSULRUWRWKHLU7+5DQGIRULQIRUPDWLRQRQSULRUWUHDWPHQWZDVPLVVLQJ
)LIW\HLJKW SHUFHQW RI WKRVH ZKR KDG XQGHUJRQH WUHDWPHQW ZHUH WUHDWHG ZLWK D KLS

VSLFD FDVW  ZLWK WUDFWLRQ DQG  ZLWK RUWKRVLV 2QO\  ZHUH UHSRUWHG DV
KDYLQJKDGWUHDWPHQWZLWKWKH)UHMNDSLOORZ+RZHYHUWKLVQXPEHUPLJKWEHKLJKHU
DVWKLVLVDVLPSOHWUHDWPHQWDQGPLJKWKDYHEHHQPLVVHGLQWKHQRWHVLQWKHPHGLFDO
UHFRUGVDPRQJDOO WKHPRUHFRPSOH[DQGVSHFLDOLVHG WUHDWPHQW UHJLPHV1LQHW\WZR
SHUFHQW RI WKH KLSV WKDW KDG XQGHUJRQH WUHDWPHQW ZHUH WUHDWHG ZLWK KLSSUHVHUYLQJ
VXUJHU\ 7KLV LV D YHU\ KLJK QXPEHU DQG LQGLFDWHV WKDW WKH VXUJHRQ KDV WULHG WR
SUHVHUYHWKHKLSMRLQWWRSRVWSRQHD7+5)HPXURVWHRWRP\ZDVWKHPRVWFRPPRQRI
WKHVXUJLFDOSURFHGXUHVDQGVHHQLQDOPRVWRIWKHP2QWKHEDVLVRIRXUVWXGLHV
ZH FDQQRW GHWHUPLQH WKH HIIHFW RI KLS SUHVHUYLQJ VXUJHU\ %XW D G\VSODVWLF KLS
GLDJQRVHG DW DQ HDUO\ VWDJH ZLWK LQVWLJDWLRQ RI HDUO\ WUHDWPHQW ZLOO EH OLNHO\ WR
GHYHORSQRUPDOO\DQGLVDWORZULVNRIGHYHORSLQJSUHPDWXUHRVWHRDUWKULWLVLQQHHGRI
D7+5EHIRUHWKHDJHRI\HDUV'XGNLHZLF]DQGFROOHDJXHVIURP,VUDHOUHSRUWHGRQ
RXWFRPH IRU  WRWDO KLS UHSODFHPHQW SDWLHQWV RSHUDWHG EHIRUH WKH DJH RI  \HDUV
IROORZLQJ GHYHORSPHQWDO G\VSODVLD RI WKH KLS 7KH ILQGLQJV LQ SDSHU ,, ZHUH
FRQILUPHGDVPRVWSDWLHQWVKDGSUHYLRXVO\XQGHUJRQHPXOWLSOHRSHUDWLRQV LQFOXGLQJ
RSHQUHGXFWLRQRVWHRWRPLHVFRYHULQJSURFHGXUHVWHQRWRPLHVDQGPRUH0HDQDJHRI
WKH SDWLHQWV DW WKH WLPH RI VXUJHU\ZDV   \HDUVZKLFK LV LQ DFFRUGDQFH
ZLWKRXUILQGLQJVRI\HDUV
$ 7+5 LV WKH HQGVWDJH WUHDWPHQW IRU KLS G\VSODVLD )RUWXQDWHO\ RQO\ D VPDOO
SURSRUWLRQRIKLSVDUHLQQHHGRIDKLSUHSODFHPHQWLQ\RXQJDGXOWDJH+RZHYHUKLS
G\VSODVLD LV D PDMRU FDXVH RI KLS UHSODFHPHQWV DPRQJ \RXQJ DGXOWV 7RWDO KLS
UHSODFHPHQWVGXHWRSDHGLDWULFKLSGLVHDVHVKDYHEHHQUHSRUWHGWRKDYHLQIHULRUUHVXOWV
DV FRPSDUHG WR 7+5 GXH WR 2$ 7KLV KDV EHHQ H[SODLQHG E\ PRUSKRORJLFDO
GHIRUPLWLHVLQWKHSUR[LPDOIHPXURULQWKHDFHWDEXOXPDQGSUHYLRXVVXUJHU\SULRUWR
WKH7+5OHDGLQJ WR WHFKQLFDOO\PRUHGLIILFXOWSURFHGXUHV+RZHYHU WKHVXUYLYDORI
7+5VGXHWRKLSG\VSODVLDLQWKH1RUZHJLDQ$UWKURSODVW\5HJLVWHUZDVQRWIRXQGWR
EHLQIHULRUWRWKDWRI7+5VDIWHU2$LIDGMXVWPHQWVDUHPDGHIRUDJHDQGIRUW\SHRI
LPSODQW 7KHVH ILQGLQJV KDYH DOVR EHHQ VXSSRUWHG E\ VWXGLHV IURP WKH 'DQLVK
$UWKURSODVW\ 5HJLVWHU RI SDWLHQWV ZLWK FKLOGKRRG KLS GLVHDVHV DQG WKH 1RUGLF
$UWKURSODVW\ 5HJLVWHU $VVRFLDWLRQ 1$5$ DOWKRXJK WKHVH VWXGLHV IRXQG DQ
 
LQFUHDVHGULVNIRUUHRSHUDWLRQGXHWRGLVORFDWLRQWKHILUVWSRVWRSHUDWLYHPRQWKVIRU
SDWLHQWVZLWKDFHWDEXODUG\VSODVLD

10.2.3 Outcome measures in hip dysplasia patients with a THR 
4XDOLW\RIOLIH4R/KDVEHHQGHILQHGE\WKH:RUOG+HDOWK2UJDQL]DWLRQ:+2DVD
µµPXOWLGLPHQVLRQDO¶¶PRGHOZKLFK LQFOXGHV SK\VLFDOPDWHULDO VRFLDO DQG HPRWLRQDO
ZHOOEHLQJ DV ZHOO DV LQGLYLGXDO GHYHORSPHQW DQG GDLO\ DFWLYLWLHV 7KH
FRQVHTXHQFHV RI D G\VSODVWLF KLS RQ HYHU\GD\ OLYLQJ DQG DFWLYLWLHV UDQJH IURP QR
SUREOHPV WR VHYHUH SUREOHPV7KLV LV WR EH H[SHFWHG VLQFH WKHUH LV DZLGH UDQJHRI
VHYHULW\RIWKHFRQGLWLRQ0LOGDFHWDEXODUG\VSODVLDPD\UHPDLQXQWUHDWHGWKURXJKRXW
OLIH ZLWKRXW JLYLQJ WKH SDWLHQW DQ\ SUREOHPV ,Q FDVHV RI PRGHUDWH DQG VHYHUH
G\VSODVWLFKLSVDWLJKWWUHDWPHQWUHJLPHLVRIWHQIROORZHG1XPHURXVKRVSLWDOYLVLWV
ZHHNV RU PRQWKV ZLWK D KLS VSLFD FDVW DQGRU RUWKRVLV DQG VRPHWLPHV VHYHUDO
FRUUHFWLRQDO LQWHUYHQWLRQV DUH WKH KLVWRU\ WROG E\ VRPH EXW IRUWXQDWHO\ QRW PRVW
G\VSODVLDSDWLHQWV
3DWLHQWV ZLWK D WRWDO KLS UHSODFHPHQW 7+5 GXH WR KLS G\VSODVLD DUH LQ JHQHUDO
\RXQJHU WKDQ WKH DYHUDJH WRWDO KLS UHSODFHPHQW SDWLHQW DQG WKH H[SHFWDWLRQV DQG
GHPDQGVUHJDUGLQJWKHSURVWKHVLVPD\GLIIHU ,QSDSHU,, WKHJHQHUDOKHDOWKVWDWHRI
\RXQJ DGXOWV ZLWK D 7+5 GXH WR KLS G\VSODVLD ZDV DVVHVVHG 7KH FRKRUW UHSRUWHG
UHODWLYHO\ORZVFRUHVIRUTXDOLW\RIOLIH(4'VFRUHRXWRIFRPSDUHGWR
WKRVHIRUWKHJHQHUDODJHPDWFKHG6ZHGLVKDQG8.SRSXODWLRQV7ZRWKLUGV
UHSRUWHGVRPHGHJUHHRISDLQDQ[LHW\RUGHSUHVVLRQZKLOHDERXWH[SHULHQFHG
SUREOHPVZLWKPRELOLW\DQGKDGGLIILFXOWLHVZLWKGDLO\DFWLYLWLHV
7HOOLQLDQGFROOHDJXHVUHSRUWHGRQTXDOLW\RIOLIHLQSDWLHQWVPHDQDJH\HDUV
DIIHFWHGE\ DUWKULWLV VHFRQGDU\ WRKLSG\VSODVLD &URZH¶V FODVVLILFDWLRQ W\SH , RU ,,
ZKR XQGHUZHQW KLS UHSODFHPHQW VXUJHU\ 4XDOLW\ RI OLIH ZDV DVVHVVHG E\ WKH
:HVWHUQ 2QWDULR DQG 0F0DVWHUV 8QLYHUVLWLHV 2VWHRDUWKULWLV ,QGH[ :20$&
GLVHDVHVSHFLILFRXWFRPHPHDVXUHDQG WKH,WHP6KRUW)RUP+HDOWK6XUYH\ 6)

 JHQHULF TXDOLW\ RI OLIH PHDVXUH $Q LPSURYHPHQW ZDV IRXQG SRVWRSHUDWLYHO\
FRPSDUHG WR SUHRSHUDWLYHO\ IRU ERWK VFRUHV 7KH 6) VFRUH ZDV DOVR FRPSDUHG
ZLWK D KHDOWK\ ,WDOLDQ SRSXODWLRQ DJHG  \HDUV ILQGLQJ WKDW WKH SDWLHQW JURXS
SRVWRSHUDWLYHO\ VFRUHG EHWWHU WKDQ WKH KHDOWK\ SRSXODWLRQ $V WKH DXWKRUV
FRPPHQWHG WKLVPD\ EH GXH WR D UHFDOO ELDV DV UHFHQWO\ UHKDELOLWDWHG SDWLHQWVPD\
KDYHWHQGHGWRRYHUYDOXHWKHLUFXUUHQWSK\VLFDOVWDWHZKHQFRPSDULQJZLWKWKHLUSUH
RSHUDWLYHFRQGLWLRQ7KHILQGLQJVRIWKH,WDOLDQJURXSDOVRFRQWUDVWZLWKRXUILQGLQJV
DVZHIRXQGD ORZHUKHDOWKVFRUH(4'FRPSDUHGWR WKHJHQHUDOSRSXODWLRQ%XW
GLIIHUHQWTXDOLW\ RI OLIH LQVWUXPHQWVZHUH XVHG DQG WKHSRSXODWLRQ LQRXU VWXG\ZDV
\RXQJHU WKDQ WKH ,WDOLDQV$WZKDW WLPH WKHSRVWRSHUDWLYHTXHVWLRQV DUH DVNHGPD\
DOVRDIIHFWWKHUHVXOW,QRXUVWXG\DOOWKH7+5SDWLHQWVZHUHDVNHGDWWKHVDPHWLPH
UHJDUGOHVV RI ZKHQ WKH\ KDG WKHLU 7+5 ,Q WKH ,WDOLDQ VWXG\ WKH SRVWRSHUDWLYH
TXHVWLRQQDLUHVZHUH DGPLQLVWHUHG DW DPLQLPXPRI IRXUPRQWKV DIWHU UHKDELOLWDWLRQ
ZDVFRPSOHWHG,WLVSRVVLEOHWKDWWKHSURORQJHGIROORZXSSHULRGLQRXUVWXG\PLJKW
EH DIIHFWHG E\ PRUH SHUVLVWHQW FRPSOLFDWLRQV HJ SURVWKHVLV ZHDU LQIHFWLRQV
GLVORFDWLRQV HWF UHVXOWLQJ LQ ORZHU TXDOLW\ RI OLIH VFRUHV ,Q DQRWKHU VWXG\ 
SDWLHQWV ZLWK DQ XQGHUO\LQJ GLDJQRVLV RI KLS G\VSODVLD ZKR KDG XQGHUJRQH
SHULDFHWDEXODU RVWHRWRP\ 3$2 DQGZHUH DJHG RYHU  \HDUVZHUH FRPSDUHG WR D
FRQWUROJURXSRISDWLHQWVZLWKD7+5GXHWRDSULPDU\GLDJQRVLVRIKLSG\VSODVLD
$OO RXWFRPHV ZHUH EDVHG RQ VHOIDVVHVVPHQW XVLQJ WKH :20$& WKH 6) WKH
8&/$8QLYHUVLW\RI&DOLIRUQLD/RV$QJHOHV$FWLYLW\,QGH[DQGWKH+LSDQG.QHH
$UWKURSODVW\6DWLVIDFWLRQ4XHVWLRQQDLUH7KHDXWKRUVIRXQGWKDWSDWLHQWVZLWKD7+5
KDG D VXSHULRU 4R/ RXWFRPH DV FRPSDUHG WR 3$2 SDWLHQWV ROGHU WKDQ  \HDUV
2VWHQGRUIDQGFROOHDJXHVXVHG6)DQG(4'WRVWXG\SDWLHQWUHSRUWHGRXWFRPH
LQ7+5SDWLHQWVSUHGRPLQDWHO\RSHUDWHGGXHWRSULPDU\RVWHRDUWKULWLVDJHUDQJH
 \HDUV 7KH\ IRXQG WKDW WKH 6) DQG WKH (4' VFRUHV DW RQH \HDU DIWHU
RSHUDWLRQDSSURDFKHGWKRVHRIWKHJHQHUDOSRSXODWLRQ

 
10.2.4 Repeatability of hip dysplasia measurements 
$V VWDWHG HDUOLHU LQ WKLV WKHVLV VHYHUDO GLIIHUHQW UDGLRJUDSKLF PHDVXUHPHQWV DUH
SURSRVHGIRUKLSG\VSODVLD6RPHDUHXVHGIRUERWKFKLOGUHQDQGDGXOWVZKLOHRWKHUV
DUHXVHG LQRQO\RQHRI WKHJURXSV7RGHILQH WKH³LGHDO´RU³SHUIHFW´KLSG\VSODVLD
PHDVXUHPHQW LV SUREDEO\ LPSRVVLEOH 7KHUH DUH ERWK OLPLWDWLRQV DQG VWUHQJWKV
DVVRFLDWHGZLWKPRVWPHDVXUHPHQWV ,Q SDSHU ,,, WKH UHOLDELOLW\ DQG DJUHHPHQW IRU
VHYHUDOUDGLRORJLFDOILQGLQJVIRUKLSG\VSODVLDDWVNHOHWDOPDWXULW\ZDVHYDOXDWHG7ZR
GLIIHUHQW PHDVXUHPHQW WHFKQLTXHV ZHUH XVHG RQH GLJLWDO ''+B$GXOW DQG RQH
PDQXDO 3DFV:HE 7KHPDLQ ILQGLQJ RI WKLV VWXG\ZDV WKH QRWDEOH LQWHU DQG
LQWUDREVHUYHU YDULDWLRQ DFURVV GLIIHUHQW UDGLRORJLFDO PHDVXUHPHQWV ZKLFK DOVR KDV
EHHQ VKRZQ E\ RWKHUV:H IRXQG 6KDUS¶V DQJOH DQG WKH IHPRUDO KHDG H[WUXVLRQ
LQGH[ WR EH WKH PRVW DFFXUDWH EXW DFFHSWDEOH UHVXOWV ZHUH DOVR VHHQ IRU:LEHUJ¶V
FHQWUHHGJH &(DQJOH DUWLFXORWURFKDQWHULFGLVWDQFH $7'DQG DFHWDEXODUGHSWK
ZLGWKUDWLR$'57DEOH	7DEOH
1HOLW]DQGFROOHDJXHVPHDVXUHGUDGLRJUDSKVRISDWLHQWVDJHGEHWZHHQDQG
\HDUVZLWK XQLODWHUDO KLS G\VSODVLD 7KH\ IRXQG D KLJK FRUUHODWLRQ MXGJHG E\ WKH
LQWUDFODVVFRUUHODWLRQFRHIILFLHQW,&&IRU:LEHUJ¶V&(DQJOHDFHWDEXODUURRIDQJOH
$$ IHPRUDO KHDG H[WUXVLRQ LQGH[ )+(, DQG 6KDUS¶V DQJOH EXW D SRRUHU
FRUUHODWLRQIRUWKHDFHWDEXODUGHSWKZLGWKUDWLR$'5$FFRUGLQJO\WKH\UHFRPPHQG
WKHXVHRIWKHIRUPHUPHDVXUHPHQWVZLWKDKLJKLQWHUDQGLQWUDFODVVFRUUHODWLRQLQWKH
UDGLRJUDSKLF DVVHVVPHQW IRU WUHDWPHQW SODQQLQJ DQG RXWFRPH VWXGLHV RI G\VSODVWLF
KLSV 7KH\ DOVR HYDOXDWHG RWKHU PHDVXUHPHQWV IRU KLS G\VSODVLD ZKLFK ZHUH QRW
LQFOXGHGLQRXUSDSHUDQGVWDWHGWKDWWKHGHFLVLRQRQZKDWUDGLRJUDSKLFPHDVXUHPHQW
WR EH XVHG GHSHQGV RQ WKH FOLQLFDO TXHVWLRQ &ORKLV\ DQG FROOHDJXHV KDYH DOVR
YDOLGDWHGUDGLRJUDSKLFIHDWXUHVEDVHGRQSODLQUDGLRJUDSKV6L[REVHUYHUVILYHZLWK
PRUH WKDQ ILYH \HDUV RI SUDFWLFH ZLWK KLS G\VSODVLD DQG IHPRURDFHWDEXODU
LPSLQJHPHQW SHUIRUPHG D EOLQGHG UDGLRJUDSKLF UHYLHZ RI  KLSV D PL[WXUH RI
QRUPDOG\VSODVWLFDQGIHPRURDFHWDEXODULPSLQJHPHQW7KHDFHWDEXODUURRIDQJOHRI
7|QQLVZDVWKHRQO\PHDVXUHPHQWLQFOXGHGWKDWDOVRKDVEHHQYDOLGDWHGLQRXUVWXG\
)XUWKHU WKH\ FDWHJRULVHG WKH YDOXHV QRUPDO LQFUHDVHG RU GHFUHDVHG DQJOH DQG

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.DSSD YDOXHV ZHUH FDOFXODWHG LQWUDREVHUYHU UHOLDELOLW\ .    LQWHUREVHUYHU
YDULDELOLW\. 7KHUHVXOWVDUHWKHUHIRUHQRWGLUHFWO\FRPSDUDEOHWRRXUVDVZH
DQDO\VHG FRQWLQXRXV YDULDEOHV+RZHYHU WKH\ FRQFOXGHG WKDWPDQ\ RI WKH VWDQGDUG
UDGLRJUDSKLF SDUDPHWHUV XVHG WR GLDJQRVH KLS G\VSODVLD DQGRU IHPRURDFHWDEXODU
LPSLQJHPHQW DUH QRW UHSURGXFLEOH DQG WKH\ UHTXHVWHG PRUH LQIRUPDWLRQ UHJDUGLQJ
SUHFLVHGHILQLWLRQVRIODQGPDUNVDQGPHDVXUHPHQWV
7KHDFHWDEXODUDQJOHRI6KDUSZDVYDOLGDWHGE\$JXVHWDODQDO\VLQJKLSVIURP
 SDWLHQWV SUHYLRXVO\ WUHDWHG VXUJLFDOO\ IRU XQLODWHUDO RU ELODWHUDO KLS G\VSODVLD
0HDQ DJH DW IROORZXS ZDV  \HDUV UDQJH  \HDUV 7KH\ UHSRUWHG D PHDQ
LQWUDREVHUYHU YDULDWLRQ RI   DQG D PHDQ LQWHUREVHUYHU YDULDWLRQ RI 
0DVWHWDOUHSRUWHGWKHPLQLPDOGHWHFWDEOHFKDQJH0'&IRU6KDUS¶VDQJOHWR
EHDQGIRU LQWUDREVHUYHUDQGLQWHUREVHUYHUYDULDWLRQUHVSHFWLYHO\
7KLVFRUUHVSRQGVZHOOZLWKRXUILQGLQJV3DSHU,,,ZKHUHZHUHSRUWHGWKH0'&WR
EH  LQWUDREVHUYHU DQG  LQWHUREVHUYHU XVLQJ WKH GLJLWDOPHDVXUHPHQW
WHFKQLTXH
7KH DFHWDEXODU DQJOH RI 7|QQLV $$ ZDV YDOLGDWHG E\ %URXJKWRQ HW DO EXW LQ
FKLOGUHQEHWZHHQ IRXUPRQWKVDQG \HDUVZKHUH WKH WULUDGLDWHFDUWLODJHZDV VWLOO
RSHQ7KHUHIHUHQFHOLQHXVHGLVWKHQ+LOJHQUHLQHU¶VOLQHDVRULJLQDOO\SURSRVHGDQG
QRWWKHWHDUGURSOLQHDVXVHGLQVNHOHWDOO\PDWXUHVXEMHFWVDVLQRXUVWXG\%URXJKWRQ
DQG FROOHDJXHV IRXQG WKH  SUHGLFWLRQ LQWHUYDO WR EH  DQG  IRU LQWUD
REVHUYHUDQGLQWHUREVHUYHUYDULDWLRQUHVSHFWLYHO\7KLVLVVOLJKWO\EHWWHUWKDQLQWKH
FDVH RI 7URHOVHQ DQG FROOHDJXHV ZKR UHSRUWHG WKH VWDQGDUG GHYLDWLRQ 6' RI WKH
PHDQ GLIIHUHQFH WR EH  DQG  IRU LQWUDREVHUYHU DQG LQWHUREVHUYHU
YDULDWLRQUHVSHFWLYHO\0DVWHWDOUHSRUWHGWKH0'&IRU$$WREHLQWUD
REVHUYHUDQGLQWHUREVHUYHU7KLVFRUUHVSRQGVZLWKRXUUHVXOWVDVZHIRXQG
WKH 0'& WR EH  LQWUDREVHUYHU DQG  LQWHUREVHUYHU XVLQJ WKH GLJLWDO
PHDVXUHPHQWWHFKQLTXH7KLVLVDKLJKYDULDWLRQFRQVLGHULQJWKHPHDQYDOXHIRUWKH
PHDVXUHPHQWLVDSSUR[LPDWHO\

7KHUHOLDELOLW\RI:LEHUJ¶V&(DQJOHZDVHYDOXDWHGE\%URXJKWRQDQGFROOHDJXHV
7KH\ DVVHVVHG WKH FHQWUHHGJH DQJOH LQ  KLSV RI FKLOGUHQ EHWZHHQ ILYH DQG 
\HDUV RI DJH7KH\ IRXQG WKH SUHGLFWLRQ LQWHUYDOV IRU LQWUDREVHUYHU DQG LQWHU
REVHUYHU WR EH  DQG  UHVSHFWLYHO\ 1R V\VWHPDWLF ELDV ZDV UHSRUWHG
gPHURJOXHWDOYDOLGDWHGWKH&(DQJOH LQSDWLHQWVKLSVZKRKDGSUHYLRXVO\
EHHQRSHUDWHGGXHWRXQLODWHUDORUELODWHUDOKLSG\VSODVLD%RWK:LEHUJ¶VDQG2JDWD¶V
&( DQJOH ZHUH PHDVXUHG )RU :LEHUJ¶V &( DQJOH WKH\ UHSRUWHG D PHDQ LQWUD
REVHUYHUYDULDWLRQRIDQGDPHDQLQWHUREVHUYHUYDULDWLRQRI)RU
2JDWD¶V&(DQJOHWKH\UHSRUWHGDPHDQLQWUDREVHUYHUYDULDWLRQRIDQGD
PHDQ LQWHUREVHUYHU YDULDWLRQ RI   :LLJ HW DO KDYH DOVR UHSRUWHG RQ WKH
LQWHUREVHUYHU UHOLDELOLW\ RI:LEHUJ¶V &( DQJOH 7KH\ DQDO\VHG VXEMHFWV UHIHUUHG
GXHWR3HUWKHV¶GLVHDVHLQWKHFRQWUDODWHUDOKLS0HDVXUHPHQWVLQERWKWKHVLFNDQGWKH
QRUPDOKLSVZHUHHYDOXDWHGEXWWKHDQDO\VHVZHUHVHSDUDWHGDQGRQO\WKHUHVXOWVIRU
WKH QRUPDO KLSV DUH UHIHUUHG WR KHUH 7KH LPDJHV ZHUH PHDVXUHG E\ WKH ORFDO
RUWKRSDHGLFVXUJHRQVZLWKDVSHFLDOLQWHUHVWLQFKLOGUHQ¶VRUWKRSDHGLFVDWWKHUHIHUUDO
KRVSLWDO DQG WZR H[SHULHQFHG SDHGLDWULF RUWKRSDHGLF VXUJHRQV 7KH VWXG\
GHPRQVWUDWHG SRRUHU UHOLDELOLW\ ZKHQ WKH ORFDO RUWKRSDHGLF VXUJHRQV PHDVXUHG WKH
LPDJHV DV FRPSDUHG WR WKH WZR H[SHULHQFHG SDHGLDWULF RUWKRSDHGLF VXUJHRQV 7KH
DXWKRUVUHSRUWHGVWDQGDUGGHYLDWLRQ6'RIWKHPHDQGLIIHUHQFHEHWZHHQDQG
GHJUHHV 7URHOVHQ HW DO UHSRUWHG VOLJKWO\ EHWWHU UHVXOWV ZLWK WKH 6' RI WKH PHDQ
GLIIHUHQFHVEHWZHHQDQGGHJUHHVIRULQWUDREVHUYHUYDULDWLRQDQGIRU
LQWHUREVHUYHU YDULDWLRQ LQ DJUHHPHQW ZLWK RXU ILQGLQJV 3DSHU ,,, 0DVW HW DO
UHSRUWHG WKHPLQLPDO GHWHFWDEOH FKDQJH 0'& IRU:LEHUJ¶V &( DQJOH WR EH 
 DQG IRU LQWUDREVHUYHU DQG LQWHUREVHUYHUYDULDWLRQ UHVSHFWLYHO\ ,Q RXU
VWXG\ 3DSHU ,,, WKH0'& IRU WKH GLJLWDO WHFKQLTXH YDULHG EHWZHHQ  DQG 
LQWUDREVHUYHUDQGLQWHUREVHUYHU
:LLJHW DO UHSRUWHGRQ WKH LQWHUREVHUYHUDJUHHPHQW IRU WKH IHPRUDOKHDGH[WUXVLRQ
LQGH[ 7KH\ UHSRUWHG WKH VWDQGDUG GHYLDWLRQ RI WKHPHDQ GLIIHUHQFH EHWZHHQ 
DQG FRYHUDJH0DVW HW DO UHSRUWHG WKH0'& IRU)+(, WR EH DQG
IRULQWUDREVHUYHUDQGLQWHUREVHUYHUUHVSHFWLYHO\
 
10.2.5 Occurrence of hip dysplasia 
7KH RFFXUUHQFH RI KLS G\VSODVLD YDULHV DFFRUGLQJ WR JHQGHU UDFH DJH W\SH RI
DVFHUWDLQPHQW GHILQLWLRQV XVHG DQG RWKHU IDFWRUV ZKLFK PDNH LW FKDOOHQJLQJ WR
FRPSDUHWKHUHVXOWVIURPGLIIHUHQWVWXGLHV7KHUHDUHVHYHUDOVWXGLHVRQWKHSUHYDOHQFH
RIKLSG\VSODVLDPRVWRIWKHPRQQHZERUQDQGLQIDQWVEXWDOVRTXLWHDIHZRQDGXOWV
7DEOH7KHLQFLGHQFHDOVRGHSHQGVRQWKHVWXG\SHULRG7KHVWRVZDV
EHIRUHWKHLQWURGXFWLRQRIURXWLQHVFUHHQLQJSURJUDPPHVIRUQHRQDWDOGHWHFWLRQRIKLS
G\VSODVLD7KHUHZDVYDULDWLRQLQWKHGLDJQRVWLFWHVWVXVHGWKHDJHDWGLDJQRVLVDQG
WKHLQFOXVLRQDQGH[FOXVLRQFULWHULD,QWKHVWRVFOLQLFDOQHRQDWDOVFUHHQLQJ
ZDVH[FOXVLYHO\XVHGDQGIURPWKHPLGHLJKWLHVUDGLRJUDSKLFKLSVFUHHQLQJDWDJH
PRQWKV ZDV LQWURGXFHG 6RPH DXWKRUV DGGHG ODWHGLDJQRVHG KLS G\VSODVLD DQG
GLVORFDWLRQ WR WKHQHRQDWDO LQFLGHQFHPDNLQJ FRPSDULVRQGLIILFXOW)URP WKHV
RQZDUG D SHULRG ZLWK WKH LQWURGXFWLRQ RI VRQRJUDSKLF WHFKQLTXHV IRU QHRQDWDO
VFUHHQLQJIROORZHG
,Q SDSHU , ZH IRXQG D SUHYDOHQFH RI QHRQDWDO KLS LQVWDELOLW\ 1+, RI  $V
PHQWLRQHG LQDQHDUOLHU VHFWLRQ WKHUHDUH VRPH OLPLWDWLRQV WR WKLV VWXG\DV WKH1+,
GLDJQRVLVLQWKH0HGLFDO%LUWK5HJLVWU\RI1RUZD\KDVQHYHUEHHQYDOLGDWHG,WZDV
QRWWKHPDLQDLPRIWKHVWXG\WRHVWLPDWHWKHSUHYDOHQFH+RZHYHURXUILQGLQJVDUHLQ
DJUHHPHQWZLWKWKRVHUHSRUWHGE\RWKHUV+LQGHUDNHUUHSRUWHGDVLPLODUILJXUH
IRU WKHSHULRGWRXVLQJDSSUR[LPDWHO\ WKHVDPHGHILQLWLRQRI1+,RQWKH
VDPHGDWDPDWHULDO6WDPQHVDOVRFRQILUPHGWKLVLQKLVVWXG\RQQHZERUQVERUQDW
+DXNHODQG8QLYHUVLW\+RVSLWDOIURPWR+RZHYHUWKHLQFLGHQFHYDULHG
IRU GLIIHUHQW WLPH SHULRGV     DQG 
$V FRPPHQWHG E\ WKH DXWKRUV WKHVH YDULDWLRQV SUREDEO\ GR QRW UHIOHFW UHDO
YDULDWLRQV EXW DUH D FRQVHTXHQFH RI VHYHUDO SK\VLFLDQV H[DPLQLQJ WKH QHZERUQV LQ
WKH ILQDO SHULRG DV FRPSDUHG WR RQO\ RQH SK\VLFLDQ LQ WKH SHULRG IURP 
7KLV GHPRQVWUDWHV WKH LPSRUWDQFH RI DQ H[SHULHQFHG SHUVRQ SHUIRUPLQJ WKH
H[DPLQDWLRQV)XUWKHULWLVLPSRUWDQWWRHPSKDVLVHWKDWWKHSUHYDOHQFHRILQGLYLGXDOV
WHVWLQJ SRVLWLYHO\ GRHV QRW UHIOHFW WKH SURSRUWLRQ LQ ZKRP WKH FRQGLWLRQ LWVHOI LV
SUHVHQW$OPRVWHYHU\FRQGLWLRQIRUZKLFKWKHUHLVDQDQWHQDWDORUQHRQDWDOVFUHHQLQJ

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SURJUDPPH LQFOXGLQJ KLS G\VSODVLD KDV D SUHYDOHQFH ORZHU WKDQ WKH SURSRUWLRQ RI
LQIDQWVZKRWHVWSRVLWLYHLQWKHSULPDU\VFUHHQLQJWHVWGXHWRIDOVHSRVLWLYHWHVWV
7KHSUHYDOHQFHRIDGXOWKLSG\VSODVLDZDVVWXGLHGLQSDSHU,97KHPDLQILQGLQJLQ
WKLV SDSHU ZDV WKH JUHDW YDULDWLRQ RI RFFXUUHQFH RI WKH GLIIHUHQW SDUDPHWHUV $
SDWKRORJLFDO&(DQJOHRI:LEHUJZDVIRXQGLQRIWKHSRSXODWLRQXVLQJDFXWRII
YDOXH RI  EXW LQ DVPDQ\ DV  LI ZDV XVHG DV WKH FXWRII YDOXH 7ZHQW\
SHUFHQWKDGRQHRUPRUHSDUDPHWHUVLQGLFDWLQJKLSG\VSODVLDEXWRQO\PHWDOO
WKHILYHIHDWXUHVVWXGLHG2XUILQGLQJVDUHSDUWO\LQFRQFRUGDQFHZLWKWKRVHUHSRUWHG
E\ RWKHUV EXW WKHUH DUH JUHDW UDFLDO YDULDWLRQV 7DEOH $KLJK SUHYDOHQFH RI KLS
G\VSODVLD LV UHSRUWHG LQ -DSDQ 0DODZL 7XUNH\ DQG LQ WKH 6DPL
SRSXODWLRQ ZKLOH WKH GLVHDVH LV YHU\ UDUH LQ ,QGLD &KLQD DQG DPRQJ $IULFDQ
$PHULFDQV LQ WKH86 6HYHUDO VWXGLHV KDYH UHSRUWHG D KLJK LQFLGHQFH LQ WKH 6DPL
SRSXODWLRQ $ VWXG\ E\ -RKQVHQ DQG FROOHDJXHV IRXQG WKDW  RI WKH 6DPL KDG
GHILQLWHG\VSODVLD&(DQJOHGHJUHHVDQGKDGQRUPDOKLSMRLQWV$KLJK
SUHYDOHQFHLVDOVRIRXQGLQ&DQDGLDQ,QGLDQVZLWKDUHSRUWHGLQFLGHQFHRISHU
DVFRPSDUHG WR]HURDPRQJ%DQWXV LQ$IULFD3DWHUVRQHWDO VWDWHG LQ
WKDW KLS G\VSODVLD ZDV DOVR YHU\ UDUH DPRQJ$ERULJLQHV ,Q 0RXVVD HW DO
VWXGLHGSHUVRQVKLSVDJHGWR\HDUV7KH\IRXQGWKDWKLSV
KDGPLOG WR PRGHUDWDH DFHWDEXODU G\VSODVLD &( DQJOH EXW IRXQG QR FDVHV RI
VHYHUHG\VSODVLD&(DQJOH2QO\RQHKLSZDVIRXQGWRKDYHD6KDUS¶VDQJOHRI
GHJUHHV
6RPH SURWHFWLYH IDFWRUV UHJDUGLQJ KLS 2$ GXH WR G\VSODVLD DUH GHVFULEHG LQ WKH
OLWHUDWXUH ,Q PDQ\$IULFDQ FRXQWULHV WKHPRWKHUV FDUU\ WKHLU EDELHV RQ WKHLU EDFNV
ZLWKWKHKLSVIXOO\DEGXFWHGDQGSDUWLDOO\IOH[HGIRUDWOHDVWWKHILUVW\HDURIOLIH7KLV
LV SURSRVHG DV D EHQHILFLDOPHWKRG RI FDUU\LQJ DQGPD\SDUWO\ H[SODLQ WKH UHGXFHG
SUHYDOHQFHRIKLS2$LQ$IULFDQFRXQWULHV)XUWKHUWKHUHLVDWUDGLWLRQRIVLWWLQJRQ
YHU\ORZFKDLUVZLWKKLSVIXOO\IOH[HG7KHIUHTXHQWXVHRIWKHVTXDWWLQJSRVLWLRQ
LQWKH(J\SWLDQSRSXODWLRQKDVEHHQSURSRVHGDVDFDXVHRIWKHYHU\ORZLQFLGHQFHRI
SULPDU\2$

11. CONCLUSIONS
,QWKHSUHVHQWVWXG\ZHIRXQGWKDWRIDOO1RUZHJLDQQHZERUQVDUHUHSRUWHGWR
KDYHQHRQDWDOKLSLQVWDELOLW\DFFRUGLQJWRGDWDKHOGE\WKH0HGLFDO%LUWK5HJLVWU\RI
1RUZD\ 7KLV ILQGLQJ LV LQ DFFRUGDQFHZLWK WKH ILQGLQJV RI RWKHUV$V NQRZQ KLS
G\VSODVLD PD\ FDXVH DOWHUHG PHFKDQLFDO FRQGLWLRQV LQ WKH KLS SUHGLVSRVLQJ IRU
RVWHRDUWKULWLVLQ\RXQJDGXOWKRRG$KLSZLWKVHYHUH2$PD\EHLQQHHGRIDWRWDOKLS
UHSODFHPHQW
2IWKH\RXQJDGXOWVZLWKDWRWDOKLSUHSODFHPHQWEHIRUHDJHGXHWRKLSG\VSODVLD
RQO\  ZHUH GLDJQRVHG ZLWK DQ LQVWDEOH KLS DW ELUWK 7KLV ILQGLQJ ZDV SDUWO\
FRQILUPHGZKHQ WKHPHGLFDO UHFRUGV IRU WKHVH \RXQJ7+5 SDWLHQWVZHUH UHYLHZHG
3DSHU,,$KLJKDJHDWWLPHRIG\VSODVLDGLDJQRVLV\HDUVZDVIRXQGDQG
RI WKH SDWLHQWV KDG XQGHUJRQH GLIIHUHQW KLSSUHVHUYLQJ WUHDWPHQWV EHIRUH WKHLU
SURVWKHVLV )XUWKHUPRUH WKH GLDJQRVHV UHSRUWHG WR WKH 1RUZHJLDQ $UWKURSODVW\
5HJLVWHU ZHUH YDOLGDWHG :H IRXQG WKH G\VSODVLD GLDJQRVLV UHSRUWHG WR WKH
$UWKURSODVW\ 5HJLVWHU WR EH FRUUHFW LQ  RI WKH KLSV 7ZHQW\ILYH SHUFHQW RI DOO
WRWDOKLSUHSODFHPHQWVLQ\RXQJDGXOWVZHUHGXHWRDQXQGHUO\LQJKLSG\VSODVLD
'HILQLQJKLSG\VSODVLDDWVNHOHWDOPDWXULW\FDQEHWURXEOHVRPH7KHUHLVQRFRQVHQVXV
RQ ZKLFK UDGLRJUDSKLF PHDVXUHPHQW WR XVH DQG ZKLFK FXWRII YDOXHV DUH PRVW
DSSURSULDWH ,Q SDSHU ,,, GLIIHUHQW UDGLRJUDSKLF PHDVXUHPHQWV LQGLFDWLQJ KLS
G\VSODVLDZHUHYDOLGDWHG7KHDJUHHPHQWYDULHGIURPIDLUWRJRRGEXWXQIRUWXQDWHO\
QR H[FHOOHQW UDGLRJUDSKLF IHDWXUHV ZHUH IRXQG :KHQ WKH GLIIHUHQW PHDVXUHPHQWV
ZHUH VWXGLHV LQ SDSHU ,9 ZH IRXQG WKDW WKH SUHYDOHQFHV YDULHG WR D JUHDW H[WHQW
XQGHUVFRULQJWKH LPSRUWDQFHRIDQXDQFHGDSSURDFKZKHQGLDJQRVLQJKLSG\VSODVLD
7KH&( DQJOH RI:LEHUJ LV FRPPRQO\ XVHG LQ WKH OLWHUDWXUH%RWK  DQG  DUH
GHVFULEHGDVFXWRIIYDOXHVEXWEDVHGRQ WKH ILQGLQJV LQD1RUZHJLDQFRKRUWD
FXWRIILVWKHPRUHDSSURSULDWHDVXVLQJDFXWRIIZRXOGLQGLFDWHWKDWXSWR
RIWKH1RUZHJLDQVKDGKLSG\VSODVLDLQRQHRUERWKKLSVZKLFKLVDQXQUHDOLVWLFKLJK
QXPEHU
 
12. IMPLICATIONS AND FUTURE RESEARCH
+LSG\VSODVLD LVDFRQGLWLRQDERXWZKLFK WKHUHDUHVWLOOPDQ\XQDQVZHUHGTXHVWLRQV
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14. ERRATA
3DSHU,,
3DJH)LJXUHÆ&RUUHFW
 
3DSHU,,,
3DJH)LJXUHD$'5 $%Æ&RUUHFW$'5 $%

 
Page 75. Det complete citation for the reference of Rasmussen et al. is included. The 
reference is number 256 in the source of data. 
Page 77. Table 4. The score for the WOMAC has been corrected to "0 (best) to 96 
(worst)". It has also been specified that the given values for the EQ-5D score is 
based on the UK value set. 
Page 78. It has been specified that both the UK and the European value set are used 
in Norway. 

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15. APPENDICES
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1RUZHJLDQ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$SSHQGL[ 5HSRUWLQJ)RUP±7KH1RUZHJLDQ$UWKURSODVW\5HJLVWHU
1RUZHJLDQ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$SSHQGL[ ,QYLWDWLRQOHWWHUTXHVWLRQQDLUHDQGFRQVHQWIRUP±3DSHU,,
$SSHQGL[ 5HJLVWUDWLRQIRUP±3DSHU,,
$SSHQGL[ ,QYLWDWLRQOHWWHU±7KH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+LS3URMHFW
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  4XHVWLRQQDLUH,,±7KH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+LS3URMHFW
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- ved sv.sk.
avslutning?
Daglig
Daglig
Ant. sig. dagl.:
Ant. sig. dagl.:
Mors
yrke
Samtykker ikke for yrkesoppl.
Ikke yrkesaktiv
Yrkesaktiv heltid
 Yrkesaktiv deltid
Mors yrke
Bransje:
Leie/presentasjon:
Normal
bakhode
Inngrep/tiltak
Ingen
Anestesi/analgesi:
Sete
Tverrleie
Avvikende hodefødsel
Annet, spesifiser i «C»
Fødselstart:
Spontan
Indusert
Sectio
Ev. induksjons-
metode:
Prostaglandin
Oxytocin
Amniotomi
Annet, spesifiser i «C»
Indikasjon for
inngrep og/eller 
induksjon
Komplikasjoner som beskrevet nedenfor
Fostermisdannelser
Overtid
Annet, spesifiser i «C»
Spesifikasjon av forhold ved fødselen/andre komplikasjoner
Ingen
Ingen
Placenta:
Normal
Fremhj. ved setefødsel:Utskj. tang, hodeleie Sectio:
Annen tang, hodeleie
Vakuumekstraktor
Episitomi
Vanlig fremhjelp
Uttrekning
Tang på etterk. hode
Utført som elektiv sectio
Utført som akutt sectio
Nei JaVar sectio planlagt før fødsel?
Annet:
Annet:
Komplikasjoner Vannavg. 12–24 timer
Vannavg. > 24 timer 
Mekaniske misforhold
Vanskelig skulderforløsning
Placenta previa
Abruptio placentae
Perinealruptur (grad 1-2)
Blødn.> 1500 ml, transf. Truende intrauterin asfyksi
Risvekkelse, stimulert
Langsom fremgang
Uterus atoniSphincterruptur (gr. 3-4)
Blødning 500–1500 ml
Eklampsi under fødsel
Navlesnorfremfall
Lystgass
Petidin
Epidural
Spinal
Pudendal
Infiltrasjon
Paracervical blokk
Narkose
Navlesnor Fostervann Komplikasjoner hos mor etter fødsel
Normal Normal Intet spesielt
Hinnerester
Ufullstendig
Infarkter
Koagler
Utskrapning
Manuell uthenting Velamentøst feste
Marginalt feste
Karanomalier
Omslyng rundt hals
Annet omslyng
Ekte knute Polyhydramnion
Oligohydramnion
Misfarget
Stinkende, infisert
Blodtilblandet
Feber > 38.5˚
Trombose
Eklampsi post partum
Mor overflyttet
Mor intensivbeh.
Sepsis
Annet, spesifiser
Placenta-
vekt
Navlesnor-
lengde:
Fødselsdato Klokken Pluralitet Barnets
vekt:
Total
lengde:
Eventuelt
sete–issemål:
1 min
5 min
Apgar score:
Hode-
omkrets:
Av
totaltNr.
Kjønn
Enkeltfødsel
Flerfødsel
For flerfødsel: Gutt
Pike
Ved tvil spesifiser i «D»
Barnet var:
Overfl. barneavd.
Neonatale diagn.:
(Fylles ut av
lege/pediater)
Tegn til
medfødte 
misdannelser:
Levendefødt
Nei
Nei
Ja
Ja
Intet spesielt
Dødfødt/sp.abort
For dødfødte: Død før fødsel
Død under fødselen
Ukjent dødstidspunkt
For dødfødte, oppgi også
Død før innkomst
Død etter innkomst
Levendefødt, død innen 24 timer Død senere (dato): Klokken
Livet
varte: Timer Min.
Dato:
Overfl. til Indikasjon for
overflytting:
Respirasjonsproblem
Prematur
Medfødte misd.
Perinatale infeksjoner
Annet, spesifiser
Hypoglyk. (< 2 mmol/l)
Medf. anemi (Hb < 13.5 g/dl)
Hofteleddsdyspl. beh. m/pute
Transit. tachypnoe
Resp. distress syndr.
Aspirasjonssyndrom
Intrakraniell blødning
Cerebral irritasjon
Cerebral depresjon
Abstinens
Neonatale kramper
Konjunktivitt beh.
Navle./hudinf. beh.
Perinat. inf. bakterielle
Perinat. inf. andre
Fract. claviculae
Annen fraktur
Facialisparese
Plexusskade
Systemisk antibiotika
Respiratorbeh.
CPAP beh.
Lysbehandlet
Utskifting
AB0 uforlik.
RH immunisering
Fysiologisk
Annen årsak
Behandlingskoder: Icterus behandlet:
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Spesifikasjon av skader, neonatale diagnoser og medfødte misdannelser – utfylles av lege
Jordmor v/fødsel:
Jordmor v/utskrivning:
Lege:
Mor:
Barn:
Melding om avsluttet svangerskap etter 12. uke – Fødsel, dødfødsel, spontanabort
Diabetes type 2
B
Røyking og yrke
C
For dødfødte: Usikkert kjønn
Oppgi dødsårsak i «D»
D
Protokollnr.: /
Se utfyllingsinstruks for blanketten på baksiden
Institusjonsnavn
Infeksjon, spes. i «B»
Annet, spesifiser i «B»
Årsak:
Mors
bokommune
Kryss av hvis skjema
er oppfølgingsskjema
Utskrivningsdato
Lege
barsel/barneavd:

TIDLIGERE OPERASJON I AKTUELLE HOFTE (ev. flere kryss)
0 Nei
1 Osteosyntese for fraktur i prox. femurende 
2 Hemiprotese pga. fraktur
3 Osteotomi
4 Artrodese
5 Totalprotese(r)
6 Annen operasjon …………………………………………………....................
OPERASJONSDATO (dd.mm.åå) 
AKTUELLE OPERASJON (ett kryss)
1 Primæroperasjon (også hvis hemiprotese tidligere)
2 Reoperasjon (totalprotese tidligere)
3 Primær hemiprotese for annen indikasjon enn fraktur/fraktursekvele
AKTUELLE SIDE (ett kryss) (Bilateral opr.= 2 skjema)
1 Høyre          2 Venstre
ÅRSAK TIL AKTUELLE OPERASJON (KRYSS AV ENTEN I A ELLER B)
A Primæroperasjon pga. (evt. flere kryss)
1 Idiopatisk coxartrose
2 Rheumatoid artritt
3 Sekvele etter frakt. colli. fem.
4 Sekv. dysplasi
5 Sekv. dysplasi med total luksasjon
6 Sekv. Perthes
7 Sekv. Epifysiolyse
8 Mb. Bechterew
9 Akutt fraktura colli femoris
    Annet  ……….......….....…………………………………………………….........
(f.eks caputnekrose, tidl. artrodese o.l)
B Årsak til reoperasjon (evt. flere kryss)
1 Løs acetabularkomponent 10 Implantatfraktur femurdel
2 Løs femurkomponent 11 Implantatfraktur caput
3 Luksasjon 12 Implantatfraktur kopp
4 Dyp infeksjon 13 Implantatfraktur liner
5 Fraktur (i acetabulum) 14 Implantatfraktur annet: ............
6 Fraktur (av femur)   ..................................................
7 Smerter
8 Osteolyse i acetab. uten løsning   
9 Osteolyse i femur uten løsning
    Annet  ………………….......………………....………………………..…..........
(f.eks Girdlestonesituasjon etter tidl. infisert protese)
REOPERASJONSTYPE (ev. flere kryss)
1 Bytte av femurkomponent
2 Bytte av acetabularkomponent
3 Bytte av hele protesen
4 Fjernet protese og satt inn sementspacer
5 Fjernet sementspacer og satt inn ny protese
6 Fjernet protese (Girdlestone eller fjerning av sementspacer)
Angi hvilke deler som ble fjernet …………....…………………………...........
7 Bytte av plastforing
8 Bytte av caput
9 Bløtdelsdebridement for infisert protese
Andre operasjoner …………………………………………….………..............
TILGANG (ett kryss)
1 Fremre (Mellom sartorius og tensor) 3 Direkte lateral (Transgluteal)
2 Anterolateral (Mellom glut. medius og tensor)  4 Bakre (Bak gluteus medius)
5 Annen  ……………………………………………………………………..........
MINIINVASIV KIRURGI (MIS) 0 Nei       1 Ja
LEIE 0 Sideleie 1 Rygg
TROKANTEROSTEOTOMI 0 Nei 1 Ja
BENTRANSPLANTASJON (ev. flere kryss)
Acetabulum 0 Nei      1 Ja      2 Benpakking
Femur 0 Nei      1 Ja      2 Benpakking a.m. Ling/Gie
BENTAP VED REVISJON (Paprosky’s klassifikasjon se baksiden)
Acetabulum     1 I     2 IIA 3 IIB 4 IIC     5 IIIA 6 IIIB 
Femur 1 I      2 II 3 IIIA 4 IIIB    5 IV
PROTESEKOMPONENTER 
(Bruk klistrelapp på baksiden, eller spesifiser nøyaktig)
Acetabulum 
Navn/Type ……..............……………………………………………………………….............
ev. katalognummer ………........…………………………………………………...........
  Med hydroksylapatitt Uten hydroksylapatitt
1 Sement med antibiotika – Navn ………………………………………..................
2 Sement uten antibiotika – Navn ………………………………………..................
3 Usementert
Femur
Navn/Type …………………………………………………………………….............
ev. katalognummer …………………………………………………………...........
  Med hydroksylapatitt Uten hydroksylapatitt
1 Sement med antibiotika – Navn ………………………………………..................
2 Sement uten antibiotika – Navn ………………………………………..................
3 Usementert
4 Resurfacing
Caput
1 Fastsittende caput
2 Separat caput - Navn/Type ……………………………………………..................
ev. katalognummer …………………………………………………………............
Diameter ………………
SYSTEMISK ANTIBIOTIKA
0 Nei       1 Ja: 1 Profylakse 2 Behandling
Navn Dosering     Varighet i timer (døgn)
Medikament 1 ..........................................……..….....…...............….   ......timer (......døgn)
Medikament 2 ..........................................………..…..…...................   ......timer (......døgn)
Medikament 3 .................................................................……..……..   ......timer (......døgn)
TROMBOSEPROFYLAKSE  
0 Nei      1 Ja:  Første dose  1 Preoperativt     2 Postoperativt  
Medikament 1  ............................. Dosering opr.dag…………………………………….....
Dosering videre ………..........…  Varighet …… døgn 
Medikament 2  ............................. Dosering ………….....................  Varighet …… døgn 
Fast antikoagulasjon
0 Nei      1 Ja, type ..........................................................................................................
FIBRINOLYSEHEMMER
0 Nei      1 Ja, medikament: …………………………………….. Dosering ……………......
OPERASJONSSTUE
1 ”Green house”
2 Operasjonsstue med laminær luftstrøm
3 Vanlig operasjonsstue
OPERASJONSTID (hud til hud) …………………………min
PEROPERATIV KOMPLIKASJON
0 Nei
1 Ja, hvilke(n) ............................................................................................................
ASA KLASSE (se baksiden for definisjon)
1 Frisk
2 Asymptomatisk tilstand som gir økt risiko
3 Symptomatisk sykdom
4 Livstruende sykdom
5 Moribund
HOFTEPROTESER
ALLE TOTALPROTESER I HOFTELEDD REGISTRERES. Innsetting, skifting og fjerning av totalproteser i hofteledd, samt 
kantplastikk, bløtdelsrevisjon for infisert protese og hemiproteser på annen indikasjon enn fraktur/fraktursekvele. 
Hemiprotese for fraktur/fraktursekvele registreres på Hoftebruddskjema.
Nasjonalt Register for Leddproteser
Ortopedisk klinikk, Helse Bergen HF
Haukeland universitetssjukehus
Møllendalsbakken 11, 5021 BERGEN
Tlf  55973742/55973743
F.nr. (11 sifre).....................................................................
Navn:..................................................................................
(Skriv tydelig ev. pasient klistrelapp – spesifiser sykehus.)
Sykehus:............................................................................
Lege ................................................................................................... 
Legen som har fylt ut skjemaet (navnet registreres ikke i databasen).
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$GUHVVH         

,QYLWDVMRQWLOnGHOWDL

+RIWHXQGHUV¡NHOVHQ+DXNHODQG8QLYHUVLWHWVV\NHKXV


'XNRQWDNWHVQnIRUGLGXEOHI¡GWSn.YLQQHNOLQLNNHQ+DXNHODQG8QLYHUVLWHWVV\NHKXVL
HOOHUI¡UVWHKDOYGHODY$OOHVRPEOHI¡GWLGHQQHSHULRGHQLQQJLNNLHQ
VWXGLHVRPWRNVLNWHSnnDYGHNNHPHGI¡GWKRIWHIHLOKRIWHOHGGVG\VSODVL,WLOOHJJWLOYDQOLJ
NOLQLVNXQGHUV¡NHOVHILNNHQWUHGMHGHODYGHUHXQGHUV¡NWKRIWHQHPHGXOWUDO\G'HIOHVWH
KDGGHKHOWQRUPDOHKRIWHUKDGGHOLWWJUXQQHKRIWHVNnOHURJEOHNRQWUROOHUWYLGHUH
PHQVHQOLWHQJUXSSHKDGGHKRIWHOHGGVG\VSODVL YHOGLJJUXQQHKRIWHVNnOHURJO¡VH
OHGGKRGHUVRPWUHQJWHEHKDQGOLQJIUDI¡GVHOHQDY

9LWURULGDJDWJUXQQHKRIWHVNnOHULQ\I¡GWSHULRGHQHUHQYLNWLJnUVDNWLOVOLWDVMHJLNWL
KRIWHOHGGHWVHQHUHLOLYHW6WXGLHQVRPGXQnLQYLWHUHVPHGLYLOIRUI¡UVWHJDQJLKLVWRULHQYLVH
XWYLNOLQJHQDYKRIWHQHIUDI¡GVHORJIUHPWLODYVOXWWHWYHNVW(QWLOVYDUHQGHVWXGLHKDUDOGULEOLWW
JMRUWWLGOLJHUHLYHUGHQ5HVXOWDWHQHIUDGHQQHVWXGLHQNDQInVWRUEHW\GQLQJIRUIUHPWLGLJ
EHKDQGOLQJRJRSSI¡OJLQJDYQ\I¡GWHPHGPHGI¡GWKRIWHIHLORJIRUKnSHQWOLJYLVUHGXVHUH
IRUHNRPVWHQDYVOLWDVMHJLNWKRVYRNVQH


cY UHPHGLQQHE UHUXWI\OOLQJDYHWVS¡UUHVNMHPDWRU¡QWJHQELOGHUDYKRIWHQHRJ
XQGHUV¡NHOVHDYEHYHJHOLJKHWHQLKRIWHQH'HWPHGI¡UHULNNHQRHXEHKDJRJUHVXOWDWHWInUGX
PHGHQJDQJ'HWKHOHYLOWDFDPLQXWWHU

8QGHUV¡NHOVHQYLOIRUHJnSn%DUQHU¡QWJHQL%DUQHNOLQLNNHQVHWDVMH+DXNHODQG
8QLYHUVLWHWVV\NHKXV

'HWHUVHOYVDJWIULYLOOLJnGHOWDPHQIRUNYDOLWHWHQSnVWXGLHQHUGHWDYJM¡UHQGHDWIOHVWPXOLJ
GHOWDU6RPEHO¡QQLQJYLOGXInHQ03VSLOOHUHOOHUNURQHU
'RNXPHQWHUWHEXVVXWJLIWHULQQHQ6WRU%HUJHQYLORJVnEOLUHIXQGHUW

'XKDUInWWWLPH««NO««««««

0DQJHDYGLQHMHYQDOGUHQGHYLORJVnEOLEHGWRPnGHOWDLGHQQHVWXGLHQ+YLVGHWHUHWVWHUNW
¡QVNHIUDGHJNDQYLSU¡YHnRUGQHGHWVOLNDWIOHUHYHQQHUNDQNRPPHVDPPHQ)RUnHQGUH
GHQWLPHQGXKDUInWWWDUGXNRQWDNWPHGRVVSnWHOHIRQHOOHUHOOHU
WUXGHJXQGHUVHQOHKPDQQ#KHOVHEHUJHQQR

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
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
0HGI¡GWKRIWHIHLO KRIWHOHGGVG\VSODVLIRUHNRPPHUKRVFDDYDOOHQ\I¡GWH7LOVWDQGHQ
RSSGDJHVYDQOLJYLVYHGQ\I¡GWXQGHUV¡NHOVHQRJGHIOHVWHEOLUEUDHWWHUPnQHGHUV
EHKDQGOLQJPHG´KRIWHSXWH´+RVHQNHOWHEOLULPLGOHUWLGWLOVWDQGHQRSSGDJHWVHQHUHRJ
EHKDQGOLQJHQHUGDPHURPIDWWHQGHPHGJLSVRJHOOHURSHUDVMRQ+RVDQGUHVHUYLDWKRIWHVNnOHQ
XWYLNOHVXIXOOVWHQGLJDWGHQEOLU´JUXQQHUH´HQQQRUPDOW'HWHUJUXQQWLOnWURDWGHWWHNDQ
GLVSRQHUHIRUKRIWHVOLWDVMHVHQHUHLOLYHW,WLOOHJJWURUYLDWHQNHOWHKDUKRIWHOHGGVRPHUQRUPDOH
YHGI¡GVHOHQPHQXWYLNOHUKRIWHIHLOLGHI¡UVWHOHYHnU+RIWHVWXGLHQVRPGXLQYLWHUHVWLOnY UH
PHGSnYLONXQQHNODUOHJJHGHWWH

,SHULRGHQJMHQQRPI¡UWHYLHQVWRUVWXGLHYHG+DXNHODQG8QLYHUVLWHWVV\NHKXVGHU
YLYLVWHDWXOWUDO\GXQGHUV¡NHOVHDYKRIWHOHGGHQHKRVQ\I¡GWHNXQQHEHGUHGLDJQRVWLNNHQDY
KRIWHOHGGVG\VSODVL6LGHQKDUGHUIRUDOOHQ\I¡GWHPHG¡NWULVLNRIRUPHGI¡GWKRIWHIHLOEOLWW
XQGHUV¡NWPHGXOWUDO\G'HWWHKDUUHVXOWHUWLDWIRUHNRPVWHQDYDOYRUOLJVHQRSSGDJHWKRIWHIHLO
KDUVXQNHWIUDWLOSHUnUKRVEDUQI¡GWL%HUJHQ+RVHQNHOWHEDUQRSSGDJHWYLDWKRIWHVNnOHQ
YDUOLWWJUXQQHUHHQQQRUPDOWXPRGQH'LVVHEDUQDEOHIXOJWRSSYHG%DUQHNOLQLNNHQV
SROLNOLQLNNWLOKRIWHOHGGHQHYDUQRUPDOLVHUW

0nOHWPHGGHQQHVWXGLHQHUnILQQHXWRPGHUHUHQVDPPHQKHQJPHOORP´JUXQQH´KRIWHVNnOHUL
Q\I¡GWSHULRGHQRJXWYLNOLQJDYU¡QWJHQRORJLVNKRIWHVOLWDVMHYHGnUVDOGHU0HGDQGUHRUG
RPGHVRPKDGGHQRUPDOHKRIWHOHGGYHGI¡GVHOHQIRUWVDWWKDUQRUPDOHKRIWHOHGGRJRPGHVRP
KDGGHJUXQQHKRIWHVNnOHUIRUWVDWWKDUJUXQQHUHKRIWHVNnOHUHQQGHDQGUH)XQQHWYLOInVWRU
EHW\GQLQJIRUQ\I¡GWXQGHUV¡NHOVHDYDOOHEDUQVDPWRSSI¡OJLQJDYGHPVRPInUSnYLVWJUXQQH
HOOHUG\VSODVWLVNHKRIWHVNnOHU

'HWYLOEOLWDWWWRU¡QWJHQELOGHUGHUYLEHQ\WWHUHQPRGHUQHWHNQLNNPHGODYVWUnOHGRVH8WRYHU
GHQQHOLOOHVWUnOHGRVHQHUGHWLQJHQELYLUNQLQJHUPHGnGHOWDLVWXGLHQRJGHWJLULQJHQXEHKDJ
IRUGHJ8QGHUV¡NHOVHQWDUPLQXWWHU5HVXOWDWHWDYU¡QWJHQXQGHUV¡NHOVHQInUGXVHOYVDJWYLWH
'HUVRPGHWDYGHNNHVV\NGRPYLOGXInWLOEXGRPUDVNRSSI¡OJLQJDYOHJH,QIRUPDVMRQHQYLO
EOLODJUHWSnU¡QWJHQDYGHOLQJHQSn+DXNHODQG8QLYHUVLWHWVV\NHKXVRJYLOY UHWLOJMHQJHOLJVRP
Q\WWLJLQIRUPDVMRQVHQHUHLOLYHW,QQVDPOHWHGDWDIRU¡YULJYLOEOLODJUHWWLO

6S¡UVPnORPXQGHUV¡NHOVHQHOOHUSUDNWLVNHIRUKROGNDQUHWWHVWLO7UXGH/HKPDQQSnWHOHIRQ
$OOHRSSO\VQLQJHUYLPRWWDUYLOEOLEHKDQGOHWNRQILGHQVLHOWDOOHDQVDWWHL
VWXGLHQKDUWDXVKHWVSOLNWRJSURVMHNWHWYLOI¡OJHUHWQLQJVOLQMHUIUD5HJLRQDONRPLWpIRUPHGLVLQVN
IRUVNQLQJVHWLNN6WXGLHQHURJVnJRGNMHQWDY'DWDWLOV\QHW'XNDQQnUVRPKHOVWWUHNNHGHJIUD
SURVMHNWHWXWHQDWGXWUHQJHUnEHJUXQQHGHWQ UPHUH'HUVRPGXWUHNNHUGHJYLODOOH
RSSO\VQLQJHQHVRPHUVDPOHWLQQEnGHIUDGXYDUQ\I¡GWRJLGHWWHSURVMHNWHWEOLDQRQ\PLVHUW

9HQQOLJKLOVHQ

7UXGH*/HKPDQQ  ,QJYLOGYVWHE¡(QJHV WHU
$VVOHJH2UWRSHGLVNDYG  6WXGPHG
7OI
WUXGHJXQGHUVHQOHKPDQQ#KHOVHEHUJHQQR

.DUHQ5RVHQGDKO     /DUV%LUJHU(QJHV WHU
6HNVMRQVRYHUOHJH3URIHVVRUGUPHG 6HNVMRQVRYHUOHJH3URIHVVRUGUPHG
5DGLRORJLVNDYGHOLQJ   %DUQHRUWRSHGLVNDYGHOLQJ+DXNHODQG8QLY6\NHKXV
URVHQN#JRVKQKVXN  7OI
ODUVHQJHVDHWHU#KHOVHEHUJHQQR






1DYQSHUVRQQXPPHU«««««««««««««
          

6DPW\NNHWLOGHOWDJHOVHL+RIWHVWXGLHQ+DXNHODQG8QLYHUVLWHWVV\NHKXV

-HJKDUPRWWDWWPXQWOLJRJVNULIWOLJLQIRUPDVMRQRPSURVMHNWHWRJVLHUPHJYLOOLJWLOnGHOWD-HJHU
NODURYHUDWGDWDHQHVRPIUHPNRPPHUYLOEOLODJUHWSn+DXNHODQG8QLYHUVLWHWVV\NHKXV-HJNDQQnU
VRPKHOVWWUHNNHPHJIUDGHOWDJHOVHXWHQnRSSJLJUXQQRJXWHQDWGHWInUNRQVHNYHQVHUIRUPHJ
-HQWHUVRPPLVWHQNHUDWGHHUJUDYLGHPnVHOYXWHOXNNHGHWWHI¡URSSP¡WHWLOU¡QWJHQ


%HUJHQ«««««« 6LJQDWXU««««««««««««««««««««




'HUVRP GX HU XQGHU  nU Pn HQ DY GLQH IRUHOGUHIRUHVDWWH JRGNMHQQH DW GX GHOWDU L
VWXGLHQ


%HUJHQ««««««)RUHOGHUIRUHVDWWHVVLJQDWXU«««««««««««
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NAVN 
Tidligere hofteplager eller andre leddplager 
Før du møter til undersøkelse er det fint om du spør foreldrene dine om du noen gang har hatt 
noe galt med hoftene dine eller en annen leddlidelse. Kryss av i rubrikkene under på det som er 
aktuelt. Leveres med samtykkeerklæringen. 
 Ingen problemer
 Medfødt hofteleddsdysplasi   
 Serøs coxitt (ikke-bakteriell betennelse i hofteleddet)
 Septisk artritt i hofteledd (bakteriell betennelse i hofteleddet)
 Calvé Legg Perthes` sykdom
 Epifysiolyse
 Brudd
 Leddgikt (Reumatoid artritt)
 Annet   (Spesifiser:……………………………………………………………….)
 Vet ikke
 Har oppsøkt lege / Legevakt pga. problemer med hofte. Spesifiser:………………….
 Har du noen sykdom som har vart over 3 måneder? Hvilken:………………………….
Hofteplager i nærmeste familie 
Har du søsken som har medfødt hoftelidelse og har vært behandlet med pute?  
 Ja      Nei      Vet ikke   Hvis ”ja”, antall: ( eks. 1 bror    2 søstre )
......bror/brødre    …...søster/søstre    ……halvbror/halvbrødre    …..halvsøster/halvsøstre 
Har du foreldre som har hatt medfødt hoftelidelse?         Ja      Nei      Vet ikke
Hvis ”ja”, hvem:   mor      far
Har foreldrene dine plager med hoftene i dag?         Ja      Nei      Vet ikke
Hvis ”ja”, hvem:   mor      far
Mors høyde………cm    Fars høyde………cm 
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
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HOFTE 89 
Haukeland Universitetssykehus 
 
 
Mange takk for at du tar deg tid til å være med på Hoftestudien. Skjema brukes også for 
undersøkelse av helsetilstanden til eldre og alvorlig syke personer. Noen av spørsmålene kan 
derfor virke lite relevante for deg om du er helt frisk. Likevel ber vi deg lese gjennom hele 
skjema, og svare på alle spørsmålene. Der er totalt 43 spørsmål. 
 
1. Deltakernummer:…………………. 
 
2. Navn: ……………………………………………………      
  
3. Fødselsnummer:  |__|__| |__|__| |__|__|    |__|__|__|__|__| 
 
4. Yrke    skoleelev      annet  (Spesifiser:…………………………….) 
 
5. Har du noen gang hatt plager fra høyre hofte (varighet over 1 måner)?  Ja            Nei 
 
Hvis ”JA”, spesifiser…………………………………………. 
6. Har du hatt plager fra høyre hofte siste 3 måneder?         Ja   Nei 
 
Hvis ”JA”, spesifiser…………………………………………. 
7.   Har du noen gang hatt plager fra venstre hofte (varighet over 1 måner)?  Ja          Nei    
 
      Hvis ”JA”, spesifiser…………………………………………. 
 
8.   Har du hatt plager fra venstre hofte siste 3 måneder?         Ja   Nei 
       
      Hvis ”JA”, spesifiser…………………………………………. 
 
9.   Hvor ofte har du vondt i nakken? 
 omtrent hver dag 
         mer enn 1 gang pr uke 
         omtrent hver uke 
         omtrent hver måned 
         sjelden eller aldri 
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10. Hvor ofte har du vondt i ryggen?
 omtrent hver dag
 mer enn 1 gang pr uke
 omtrent hver uke
 omtrent hver måned
 sjelden eller aldri
11. Har du problemer som du relaterer til hoften, som gjør at du har vansker med å gå?
 Ja        Nei         Hvis ”JA”, spesifiser…………………………………………. 
12. Er det andre årsaker enn hofteplager som gjør at du har vansker med å gå?
(For eksempel smerter fra andre ledd, ryggsmerter, hjerte-karsykdom eller andre
sykdommer som påvirker gangevnen din)
 Ja  Nei          Hvis ”JA”, spesifiser……………………………………… 
13. Utenom skoletid: Hvor mange GANGER i uken driver du med idrett/mosjon slik at du
blir andpusten og/eller svett?
 hver dag
 4-6 ganger i uken
 2-3 ganger i uken
 1 gang i uken
 1 gang i måneden
 mindre enn 1 gang i måneden
 aldri
14. Utenom skoletid: Hvor mange TIMER i uken driver du med idrett/mosjon slik at du blir
andpusten og/eller svett?
 ingen
 ½ time
 1 time
 2-3 timer
 4-6 timer
 7 timer eller mer
3 
SMERTE- Tenk på smerten du opplevde I HOFTEN i løpet av de siste 48 timer.
15. Hvor mye smerter har du når du går på flatt underlag?
 ingen       litt       moderat       stor     svært stor
16. Hvor mye smerte har du når du går opp og ned trapper?
 ingen       litt       moderat       stor     svært stor
17. Hvor mye smerte har du om natten når du ligger i sengen?
 ingen       litt       moderat       stor      svært stor
18. Hvor mye smerter har du når du sitter eller ligger?
 ingen       litt       moderat       stor      svært stor
19. Hvor mye smerter har du når du står oppreist
 ingen       litt       moderat       stor      svært stor
STIVHET- Tenk på stivheten du har opplevd i HOFTEN i løpet av de siste 48 timer 
20. Hvor alvorlig er stivheten i hoften din med en gang du våkner om morgenen?
 ingen       litt       moderat       kraftig      svært kraftig
21. Hvor alvorlig er stivheten i hoften din etter at du sitter ligger eller hviler senere på dagen?
 ingen       litt       moderat       kraftig       svært kraftig
FUNKSJON- Tenk på hvor vanskelig det har vært å utføre følgende daglige fysiske 
aktiviteter i løpet av de siste 48 timene, som følge av SMERTE I HOFTEN. Med dette 
mener vi din bevegelsesevne og evne til å klare deg selv.
SPØRSMÅL: Hvor vanskelig har det vært å........         
22. gå ned trapper?
 ingen       litt       moderat       svært       ekstremt
23. gå opp trapper?
 ingen       litt       moderat       svært       ekstremt
24. reise deg fra sittende?
 ingen       litt       moderat       svært       ekstremt
25. stå oppreist?
 ingen       litt       moderat       svært       ekstremt
26. bøye deg ned mot gulvet?
 ingen       litt       moderat       svært       ekstremt
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27. gå på flatt underlag?
 ingen       litt       moderat       svært       ekstremt
28. komme deg inn/ut av en bil?
 ingen       litt       moderat       svært       ekstremt
29. gå på handletur?
 ingen       litt       moderat       svært       ekstremt
30. ta på strømper?
 ingen       litt       moderat       svært       ekstremt
31. stå opp fra sengen?
 ingen       litt       moderat       svært       ekstremt
32. ta av strømper?
 ingen       litt       moderat       svært       ekstremt
33. ligge i sengen?
 ingen       litt       moderat       svært       ekstremt
34. komme deg inn/ut av dusj/badekar?
 ingen       litt       moderat       svært       ekstremt
35. sitte?
 ingen       litt       moderat       svært       ekstremt
36. komme deg til toalettet?
 ingen       litt       moderat       svært       ekstremt
37. tungt husarbeid?
 ingen       litt       moderat       svært       ekstremt
38. lett husarbeid?
 ingen       litt       moderat       svært       ekstremt
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I de neste 5 spørsmålene (EQ-5D-spørsmålene (http://www.euroqol.org) ønsker vi å vite 
hvordan livssituasjonen din er:  
39. Hvordan opplever du gangevnen din?
1 Jeg har ingen problemer med å gå omkring 
2 Jeg har litt problemer med å gå omkring 
3 Jeg er sengeliggende 
40. Hvordan klarer du personlig stell?
1 Jeg har ingen problemer med personlig stell 
2 Jeg har litt problemer med å vaske meg eller kle meg 
3 Jeg klarer ikke å vaske meg eller kle meg 
41. Hvordan klarer du dine vanlige gjøremål (f.eks. arbeid, studier, husarbeid, familie- og
fritidsaktiviteter)?
1 Jeg har ingen problemer med å utføre mine vanlige gjøremål 
2 Jeg har litt problemer med å utføre mine vanlige gjøremål 
3 Jeg er ute av stand til å utføre mine vanlige gjøremål 
42. Smerter eller ubehag?
1 Jeg har verken smerte eller ubehag 
2 Jeg har moderat smerte eller ubehag 
3 Jeg har sterk smerte eller ubehag 
43. Angst eller depresjon?
1 Jeg er verken engstelig eller deprimert 
2 Jeg er noe engstelig eller deprimert 
3 Jeg er svært engstelig eller deprimert 
Mange takk for at du tok deg tid til å svare på spørreskjema! 
Trude G. Lehmann           Lene B. Laborie                          Ingvild Øvstebø Engesæter           
Cand.med Cand.med Stud.med
Karen Rosendahl  Lars Birger Engesæter 
Seksjonsoverlege, Professor dr. med  Seksjonsoverlege, Professor dr. med 
Radiologisk avdeling   Barneortopedisk avdeling 
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